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PREFACE TO THE SECOND EDITION. 

The very favourable reception which the First Edition of this 
work received from the medical press both in this country 
and abroad, and the fact that it has been translated into the 
German, French, and Russian languages, have induced me to 
make fewer changes in this, the Second Edition, than I at one 
time contemplated. 

But while the original plan of the work has been as far 
as possible adhered to, every page has been subjected to care- 
ful revision. The sections devoted to the pathology of in- 
dividual lesions have been placed under the special diseases, 
the functional afiections have been more fully considered, 
wliile a considerable space has been given to the important 
and difticult subject of concussion of the spine, and the 
method of examining * railway cases.* Many of the old illus- 
trations have been redrawn, and a large number of new figures. 
both woodcuts and chromo-lithographs, has been added. 

B. B. 

23 Dbcmsheugh Gardens, 

Edimburoh, October 1884. 



PREPACE TO THE FIRST EDITION. 



In the following pages, which are based on a portion of my 
course of Lectures on Medicine, I have endeavoured to give a 
concise description of the more important points relating to 
the Diseases of the Spinal Cord. 

In some places the original form is retained, but for the 
most part I have, for the sake of condensation, abandoned the 
colloquial style of the lecture-room, and in many places 
arranged the matter in the form of headings. 

Believing that one great secret of all successful teaching 
is to teach by the eye as well as by the ear, I am in the 
habit of copiously illustrating my lectures by diagrams, draw- 
ings, and microscopical preparations. The diagrams and 
drawings are introduced into the text in the form of wood- 
cuts, the microscopical sections are represented in colours. 

The chromo-lithographs are all drawn by myself, first with 
the camera lucida, and then in lithograph chalk; they are 
with two exceptions (figures 56 and 151, which are copied from 
Charcot) representations of my own sections. 

I am indebted to Professor Dreschfeld of Manchester, 
Dr Robertson of Glasgow, Dr Crease of South Sliields, 
Dr Banham of Sheffield, Dr Goyder of Newcastle, and 
Dr Milner Moore of Coventry, for spinal cords, from which 
some of the sections were made; and I am particularly 
indebted to Dr I). J. Hamilton, not only for material, but also 
for much valuable instruction in the methods of investigating 
nervous structures. 

My tlianks are also due to Professor Charcot, Professor 
Flower, Professor Ferrier, Dr Ross, Dr Gowers, and Dr Herbert 
Tibbits, for their kindness in allowing me to reproduce some of 
the figures which have appeared in their respective works. 

A considerable portion of the first two chapters was 
published in the Tranmctiom of the Nortliumberland and 
Durham Medical Societv for November and December 1881. 

B. B. 
23 DuuMSHEUuii Gardens, 

Edinburgh, March 1882. 
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CHAPTER I. 

THE ANATOMY AND PHYSIOLOGY OF THE SPINAL CORD. 

Until recently the afTections of the spinal cord were generally 
looked upon as so obscure and difficult as to baffle the 
understanding of any but the most accomplished specialist. 
Thanks, however, to the labours of Tiirck, Leyden, Charcot, 
Erb, Gowers, Buzzard, and others too numerous to mention, 
the difficulties are rapidly disappearing, and in a short time 
we shall probably be as well acquainted with the diseases of 
the spinal cord as with any other affections to which the 
human economy is liable. 

In attacking any complicated clinical question, the diffi- 
culties are very much reduced, if we enter upon our work 
with a clear idea of the functions of the affected organ, and 
with a definite plan of study ; and to no group of affections 
does this statement apply more forcibly than to the diseases 
of the spinal cord. 

The spinal cord may be said to consist of a series of 
segments placed one above another. Each segment com- 
prises the portion of cord to which a pair of spinal nerves 
is attached (see fig. 1) ; and each segment may be viewed 
as a distinct spinal unit, or, to speak somewhat figura- 
tively, as a distinct spinal cord for a definite area of the 
body, viz., that portion of muscle (muscular area) to which 
its anterior roots proceed ; and that portion of skin, ten- 
don, muscle, mucous membrane, viscus, etc. (sensitive area) 
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to which the fibres of its posterior nerve root are distri- 
buted.' 




Fio. t. 

A Spinal Segmeitl H>i(A iCi /^uc u/ Spinal Nema (mod^^Jirom ttHoin mu' ■SAorpcji). 
ingliun on posterior rool. 
ervB IruQk. 

Kow the essence of the clinical examination of the spinal 
cord consists in the systematic and separate examination 
of each spinal segment by observing the motor, sensory, 
reHex, vaso-motor, and trophic conditions of its body area ; 
and the comprehension of the diseases of the spinal cord 
consists essentially in the correct understanding of the struc- 
ture and functions of the individual parts of these spinal units; 
of the manner in wliich they are related to each other ; of 
the pathological changes to which they are liable, and of the 
derangements in function which result therefrom. 

As yet we are not sufficiently well acquainted with the 
exact distribution and function of each pair of spinal nerves 
(i.e. of each segment) to enable us to examine separately the 
body area of each individual spinal unit. It must, too, be re- 
membered, that adjacent segments are probably related func- 
tionally ; and that, in actual practice, it is often necessary or 
convenient to group several sejjnients together, and to examine, 
for example, the parts supplied by the lumbar or cervical 
enlaigement as a whole. The more detailed examination of 
each individual segment (so far as we can at present apply 
it) should, however, always be employed for scientific purposes, 
or where we wish to ascertain the exact position and extent 
of a spinal lesion. 

I U i* fimpler to cDoaider Mob lateral lialf of > aplual segmont u ■ ipiiwl 
HDit, Bud, Intleeil, I uiwd funuerly to do lo ; but tlie amDgenieut adopted in the 
(eit, though alightly more complicated, is more correct. 



THE SPIMAL SEGMENT. 3 

The clinical observations of Gowera • on the reflexes, of 
Remak* on atrophic spinal paralysis, and the physiological re- 
searches of Ferrier and Yeo,' and of Paul Bert and Marcacci * 
on the function of the different spinal nerves, have supplied 
valuable information aa to the motor functions of individual 
segments ; and it is probable that before long we shall be 
sufficiently acquaiat«d with the function of all the more 
important spinal segments to be able to ascertain their con- 
diUoD by the examination of their respective body areas. 

The functions of individual segments, so far as they are 
at present known, will afterwards be detailed. 

I shall now proceed to direct attention U> those points in 
the anatomy and pliysiology of the spinal cord which are 
essential for our present purpose. 

THE ANATOMY OF THE SPINAL BEGMEST. 

Speaking generally, we may describe a segment of the 
spinaJ cord as a disc of nervous tissue to which a pair of 
spinal nerves is attached ; each nerve arising by an anterior 
and a posterior root. (See fig. 2.) 




TUi.t.—A Spinal Stgrnent itili iu Muiailaraiid Sauiliet Boify-Arf 

AB — AuMrior root P.B— Posterior tool G— Gingliou on po«terior root 

t}.)f.N — Trumsrael; dirided MDiorr-motur nerve trunk, n, m' — Kuicolar 

•na ol Uw (BgmeDt S, R', Banntive area ol tin tegment. 

Each figment Js divided into two symmetiical lateral 
halves by the anterior and posterior median fissures. The 

' Tie DiagmitU ef Diwaja o/tke Spinal Cord, page IS, rf h;. 

' AnJtit/ar Piyeiiatrie. 187B, pags ilO. 

■ /•n>eetdiMg,o/ditRo^l3oci^f,So.m.j»ge It. 

• QnoUd iu llw Lamm. Ucl. 1, ISSI, page bOB. 
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division is not quite complete, for a narrow band of nervous 
tissue remains, towards the centre of the segment, separating 
the two fissures, and connecting the two lateral halves of 
which it (the segment) is made up. (See fig. 3.) 



AMF 




PMF 

Fio. 8. 

Transv^te Section of a Spinal Segment in the Cervical region. 

AlCF — Anterior median fissure. PMF — Posterior median fissure or septum. 
A WO — Anterior or white commissure. PGC — Posterior or grey commissure. 
CO— Central Canal.. 

This commissural band is composed partly of grey and 
partly of white matter. (See fig. 4.) The white portion lies 
in front, at the bottom of the anterior median fissure, and is 
called the anterior or whiU commissure ; the grey matter lies 
posteriorly between the anterior white commissure and the 
posterior median fissure or septum (for the posterior median 
fissure is seldom a fissure properly so called, but rather a 
septum of connective tissue, as represented in fig. 3), and is 
called the posterior or grey coinmissure} 

In the middle of the posterior or grey commissure the 
central canal, lined with its beautiful liuuig of ciliated epi- 
thelium, is placed. (See fig. 5.) 

I Some writers give the term posterior gny commissure to that portion of thegrey 
commissure which is situated behind the central canal, and call the part of the grey 
commissure which lies in front of the central canal the anterior grey commissure. 
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Each half segment consists partly of grey and partly of 
white matter. The grey matter (see fig. 6) is placed in the 




Fio. 6. 

The Grey Matter of the Spinal Segment, 

PGC — Posterior or grey commissure. CC — Central canaL 

centre of the half segment, and is completely surrounded by 
white matter except at one point — about the middle of its 
inner border — where it is prolonged towards the middle line, 
forming the corresponding half of the posterior or grey com- 
missure. This mass of grey matter consists of two extremi- 
ties or horns (comua), as they are termed, joined by an in- 
termediate connecting portion. 

The anterior comu is much larger than the posterior, and 
contains the motor nerve cells, which are of the greatest 
physiological and pathological importance. These motor 
cells are of large size, and are multipolar. (See figs. 7 and 8.) 
One of the poles, which is slender and unbranched, is termed 
the axis cylinder process. In very favourable sections it 
may be traced forwards into the anterior root-fibres, which 
in leaving the cord pass through the anterior column in 
several separate bundles. (See figs. 3 and 35.) The other 
poles of the cell divide almost immediately after leaving 
the cell body into numerous branches, which are supposed 
to terminate in the delicate network of nerve fibrils which 
runs through the grey matter. (See figs. 9 and 34.) Each 
nerve cell contains a single large nucleus.^ 

1 la most exceptional circumstances there are two nuclei. (See fig. 8.) 
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The multipolar nerve cells of the anterior cornu are not acattered 
promiscuonslj throughout the grey matter, but are arraoffed in 
groupa; and this diviaion aeems, to a large extent, to bo followed 
bf the distribution of the blood -veggels. Dr Koiia describea aii 
Beparate groups which be terms postero-lateral, antero- lateral, anterior. 
ioternal, central, and median respectively (see fig. 10), Theae groups 
are not all present in the same section of the cord; in fig. 11, for 
example, which is an exact representation of a section of the lower 

ELrt of the lumbar enlargement of man, the postero- lateral, antero- 
teral. central, and internal groups are very distinct, but the anterior 
and median groups cannot be distinguished. 

Dr Ross statea that these different groups are developed in a 
definite order, the antero -lateral groap being the first, and the median 
ffronp the last, to be perfected. He also seems to think that each of 
uiese groups has a separate and distinct function, — a vieir which is 
fascinating and probable, but which is as yet only a theory and re- 
quires confirmation before it con be accepted as a fact. 

In the dorsal region nerve cells are sometimes seen in the white 
matter of tlie lateral column, detached as it were from the postero- 
lateral group in the grey matter. (See fig. 12.) Very exceptionally 
some of the nerve cells of the internal group are sarrounded by the 
tubes of the anterior column. (See fig. 13.) 




Fio. 9, 

Sent Ctil /ran tiuAaterim' Bom of tktSiinat Curd; nud GtrUulf nrrrt tieHeori. 
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The posterior cornu also contains nerve cells. They are 
smaller than those in the anterior cornu, and are more 
spindle-shaped. Their function is probably sensory. 

At the junction of the posterior horn of grey matter and 
the posterior or grey commissure, a very distinct group of 
large bipolar nerve cells is situated, and which is termed 
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Clarke's vesicular columa, after Lockhart Clarke, who first de- 
scribed it (See figs. 15 and 16.) This group of cells is most 
largely developed in the dorsal region, and is usually entirely 
al}sent in the upper cervical region and the lower part of the 
lumbar enlargement. 




Tio. \a.—DingnmofUie DUtrUn^itm of tht Blntxt-miflt and gronpii^ of tkt 
Ganglion ctlU o/Ou Spinal Cord. {A/Ur Young and Ron.) 

^, pnMero-Utenl; a/, aiilcro- lateral ; i.aDtcriori i.iDl^rDal; f,caiitrKli and 
ID. nwdiu groDpi of nerva <^1b of the inlf rinr cornn. VC, Vaaicnjir column ol 
Clark'. CO, Ceutnl canat. 

of, arteriei of Iba aoterior median flaaura. ac, tiUxj ol tbs anterior 
eonunlaanre ; 1, ita antarior; I', iti mediao; 1*, lU poalsrior branch, co. 
eanlral artery; !, ita aolcrior; 2', ita median; 1', ita poaterior branch, pa, 
poaterlor root arteries; 6, 6'. G', arleriea of the posterior horn*, in. iolenial 
BDterioT root arterj. n. eiternal anlerior rool arlerj; S. H', its iDlemal and 
ellemal brancbea. ar, an lero- lateral branch; 1, its anUrior ; 4', ita median: 
and 4'. ila poeterior brancbes. mr, medisn lateral arlflrj ; b aod b', its anterior 
and posterior branches, pr, poslerior lateral arteriaa. ip, lolernal posterior 
artrry. mp, eiterasl posterior artery, g. arteries o( the eolnmn of Goll. 



THE ANATOMY AND PHTSIOLOGY OF 




I. — Scftioa IhTouijhVu ImrtTpartoftke lambarenlargtmtiil"J'num,tkinciiigltr 
STovpiiy of til nine ctlU oflhr anttrioT corau. (ilagnifitd about 10 diamtUri.) 
pt, pnstcro-lkleni ; al, ftutero-lklersl ; e, centntii (od i, iaUrnal groups of 



T/ie anatomical and plii/siologkal 6 
columns. 



b'diviswns of tlu white 



Tiie white matter of the segment has been divided into 
the following parts or columns: — 

1. The posterior column: That portion of the whit« 
matter which is situated between tlie posterior median fissure 
and the posterior comu of grey matter. (See figs, 17 and 18.) 

2. Tlw lateral column : That portion of wliite matter whicli 
is situated between the posterior and anterior nerve roots. 

3. Tke anterior column : That portion of the white matter 
wiiich is situated between the anterior median fissure and 







fio. 12. Trouwne tttAo^ lliT'iv^h a part of ihi iuierid calmm and adjactiii -poriioK nf Ai 
ifry mttUtr in Ihr lirrial rfyioN, ihouiag mm cclli in the iMtte rruiUtr of llu Mjral 
ruliann. 
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i.e. the outermost of the anterior root 




FlO. 17.— TVnWRTK StaUm "J lU SpUal Cord la lit Cirvkal lttgion,/rom a 
eamira Ivada draaing, magnified about tix ditaiuttrt. 

AC — Anterior coIdidd. LO — Ltlerel iwlumD. PEC — PoBlero-eilero«l 
colnmn. PIC — Poslcro-fDteniil coluom. AH — Aoti^rinr horn of grey nwtkr. 
PH — Poatoiior bora of grey mntler. AB — Aolerior Derre roots emerging Eu 
•r|]ant« bandleB. PB — Posterior nerve roots euleriug in > siiigle bnodle. 
AUP— ADleriarnwdianfiBanre. PMP- Poiterior mediin Haeure, The drcoUr 
■pace* iu tlie grey nutter are open ings for blood vessels; tbef sre •bnormallj' 
large in tliia BpodmOD. Numerous ucrva rells are «een <u tbe anterior cornua. 

But in addition to this, which we may term the 
anatomical sub-division of the wliite matter, pathological 
observations, and the most important researches of Flechsig * 
on the development of the spinal cord, show that each of 
these columns cunaists of certain sub-divisions or tracts, 
all * liaviog a distinct physiological function, and, therefore, 
of the greatest priasible clinical importance. 

The pmtrrioT column is divided into two parts, viz., 
<\) an internal tract, the median column of anatomista, the 
jtvitero-meilian column, as Dr Gowera proposes to term it, 
the column of GoU, or intemnl icedge shaped column, as it is 
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uaually called in Germany (aee PIC fig. 18) ; and (2) an 
external tract, tbe p^atero-exUmal column of Gowers, the 
root-zone column of Charaot, the wedge-shaped tract (_/w»i- 
ailus cuneatus) of Flechsig, the column of Burdach, or the 
outer wedge-shaped column as it is usually termed in Germany. 
(See PEG, fig. 18.) The division is indicated anatomically 
hy a depression on the surface of tbe cord and a septum of 
connective tissue passing inwards from it. 

PMAC 




PC 

Fio. IS. 

Diagramnatie StOion if a Spinal Stgrneal lioaing tie Pki/notogical diruion oftkt 
WhiU MaUtr. 
Tba bt«nl cotnma of tbe right latenl tailf ind the iDtarior uid poderior 
columng of the lett laterml half hive been cut tnst,y. PIC — Poetoro-ioteniit 
column. PEC — PnilBro-eiternil column. DPT — Direct pynmidil tncU 
PU AC— Principal masa of the anterior colnmn. 1. Crossed pframidsl tnct. 
!. Direct cerebellar tract. 8. Lateral boandary Ujer of tlia grej substance. 
4. The anterior mixed reopen of the latent colamn. 

The postero-internal column is chiefly composed of fibres 
coming from tbe poaterior grey comu and from the posterior or 
grey commissure. Their function is not yet definitely known, 
but they undoubtedly conduct upwards some sort of impres- 
sions from the periphery. 

The postero-external column is composed of fibres of the 
posterior roots passing inwards to the posterior comu; and 
of (?) commissural fibres, which probably connect the posterior 




Tia. I). TVoiUKTW metion ikreugk Iht rrrwical atiaryrmuml o/lkt eori of a <hS4, Ant 
wittt eld, duMBimg tlit ero—td pynmidal trmtt tmdtetloptd, ( Jf a W rf ntt ftnmie 
acU <nd ttagailitd about ]0 duimtlm.) 

Tba oroMad prranld*! trmct* a, a, ire not daapl; itiiiied hj tbe oimlc idd fur thdr 
mjraliD* abaaUii sra inpvrfocUj daTsloped; (, t, lb> dlraet oarabiUar tneta whkh an 
d>Talop*d sod dwplj Miinsd ; t, c, tba )rt> mater. 
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ilaiiiei. {Saintd irilh ptnamir acid and maffnifitd ohm 10 diamflfn.') 
0, a, crowed pyTunidal tncts ; b, ]<ik miter; c, uschnoid ; d, don maters c, ligMneDtam 

denlicolatam ; /, fibro-celluJtr tistm ouWiile the don ; g, g, lnatnrae\j divided nerve 

root! I h, h, blood-veoeli. 
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and mn^'Tnirt'rf abt^u' If 'iutmetrftJ) 
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coruaa of dififerent segments. The fibres of the posterior 
root, which pass through the postero-extemal column, carry 
into the cord peripheral impressions resulting in the pro- 
duction of sensations (probably of touch and pain), and of 
reflex movement (probably the deep reflexes). 

The lateral column is divided by Flechsig into four areas 
or tracts, the most important of which (indeed the only one ' 
whose function is as yet definitely known) is termed the 
crossed pyramidal tract. (See 1, fig. 18.) This important area 
varies in size in dififerent segments. (See fig. 22.) In the 
cervical enlargement it is large and triangular, and occupies 
the greater part of the posterior half of the lateral column, 
being separated by narrow bands of white matter from the 
grey matter and the periphery of the cord respectively (see 
tigs. 18 and 22). It diminishes in size in passing downwards, 
and ends in the lumbar enlargement, where it touches the 
periphery. (See 7, fig. 22.) 

The crossed pyramidal tract contains the greater number 
of the fibres of the main p3rTamidal or motor tract, viz., all 
those fibres which have decussated at the lower end of the 
medulla. Its function, therefore, is essentially to conduct 
voluntary motor impulses. 

In addition to the crossed pyramidal tract, Flechsig dis- 
tinguishes three other subdivisions of the lateral column, viz.: — 

(a). The lateral boundary or limiting layer of the grey 
substance (see 4, fig. 22), the connection and function of which 
are unknown. 

(6). The direct cerebellar tract (see 6, fig. 22). This tract 
appears in the upper part of the lumbar enlargement, and 
increases in passing upwards. It receives fibres from Clarke's 
group of cells (see YC, fig. 23). Above, it passes into the 
cerebellum. 

(c). The anterior mixed region of the lateral column (see 3, 
fig. 22), the function of which is still unknown. 

The anterior column is, like the posterior, subdivided into 
two parts : — (1). An inner sub-division, the direct pyramidal 
tract or column of Tiirck (see 7', fig. 22), which contains the 
motor fibres of the pyramidal tract which have not decussated 
in the medulla. (2). The principal mass of the anterior 
column (see 1, fig. 22), which seems to be composed chiefly of 
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fibres of the anterior root£ and of (?) conunissural fibres con- 
necting the anterior comua of different segments. 




FlO. n.—Diagram ikowing tin difftml piifUiilcgiiral traeU at varima Itvtli o/lit 

eord; and tkt entlrr in miicA (*(y ore drrrk-ped. {After Fkduig). 

I. SevtlouatthfllieiitblofllisSrdcprvicalj II. Bttlie bei(chtof tha &(b carriciJ; 
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FlO. IS.— M^nm if trtmtrrrtt tttUo* of tit Spinal Cord in tkttgiptrkal/oftin 
danal rtgiim. iA/ltr f'kciiig). 



The order of development of these diffei'ent tracts is shown 
in fig. 22,^ and is, according to Flechsig, as follows : — 

First. The principal mass of the anterior column and the 
wedge-shaped column. Second. The anterior mised region of 
the lateral column. Third. The lateral boundary layer of the 
grey Bubatance. Fourth,. The column of GoU. Fifth. The 
direct cerebellar tract, Sictk. The direct and crossed pyra- 
midal tracts. 

The size and shape of the spinal segment as a whole, and 
of ite individual parts (grey matter and white columns), vary 
considerably in different parts of the cord, as is' shown in 
figs. U, 15, and 16. 
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being separated from the periosteum by loose areolar tissue, 
fat cells and blood-vessels, and which forms a loose covering or 
sheath for the spinal cord and its nerve roots, surrounded by 
thepia, arachnoid, and spinal fluid. (See fig. 25.) Opposite 




Fie. 2G. — iStdioiu tltoaii^ tie gtntral rtMiom iffHt ^)mal eord to (Ae jiKlitMii; litca 
md <tflhit to the mrlebrai amaL {Keg and RiUiut.') 
A, lecliiMi Ihrousli Die fifth cerrial varlcbn; B, Ihrough the tentb dornl verU- 
bm 1 C, through tho first lumbar Terleb™ Bud the foriraen o( exit vt the tirslfth 
doTwl nerrs-roolti ; D , through the dink between the second ^nd third lumbar verte- 
br»: E,tbrough the first sacral Tsrlshra. In A, B,aad C,the cord,covared bjpia 

eitliar aide; tbe tHtrve-roots on either side form small groups which, since they 
pans obliquely duwDMru-ds to their foramiua of exit, are cut across; the dura 
matral sheath is separated b; a conaderahls apace from the cord, and bj a 
qoantilj of luosa areolar and fatty tissue from the vail of tbo Tertfbral canal. 
Thia ttasue is in smaller amount in C. D and E Rr« below the lermioatlon of the 
cord, and show sections o( the nerve- bundles of the cauda equina within the theca, 
which is very large in D, but comparatively nnall in E, the vertebral canal in the 
latter being largely occupied by adipoaa tisane. In this are seen the aectioos of 
the two large veJDS. The arachnoid is not represeuied iu sny of these sections. 
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each intervertebral fommen the duia-mater t)iecft presents 
two openings, placed side by side, which give passage to the 
two TW)ta of the corresponding spinal nerves. It is continued 
as a tubular projection on the nerve (fig. 26), and is lost in 
its sheath. Besides this it is connected with the circumfer- 
ence of the foramen by areolar tissue ' ' 




'Imiom liraugi tiu plaa o/rr 



w-nw( lAroaglk the dura m, 



B, bundles o( the DervA-root beciimiDg collected Into > siDgle bundle M Ihej 
eoMrge; (, dan nuterj c, tnehnoid; d, ■ raticnlar kinell*) o[ the ■raclinoid 
rrHected tlaag nerre-root; >, sab-danil apkce ; ('. ■', nb-utchDoid ■pace. 

The spinal put mater is thicker, finer, and less vascular 
than the pia mater of the brain, and consists of two layers, viz., 
a thick external layer consisting of longitudinal bundles of 
fibres, and on inner thinner layer which is closely applied t^i 
the surface of the spinal conl. The two (outer and inner) 

Qamn't AniOomii, nistb aditlou, ToL il. p. 372. 
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layers are separated liere and there by Ij-mphatic spaces, and 
between them, the blood vessels of the pia, wliich are 
numerous, are situatjBd. A thick fold of the pia passes down 
into the anterior median fissure, and a. thinner process forms 
the posterior median septum. From the pia mater, numerous 
blood vessels (each covered with a lympliatic sheath) paas 
into the substance of the cord, and are distributed both to the 
grey and to the wliite matter. 

The spinal arachnoid is an extremely delicate membrane, 
which forms a very loose covering for the spinal cord. The 
arachnoid is separated from the dura on the one hand by 
a space which is called Uie suh-dural apace, and from the 
pia mater on the other by tlie sub-araehjioid space (see 
tig. 27). 

The sub-araclinoid space is not a continuous space, but is 
split up by the li^amnituTtt denHculalum and the sepium 
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posticum. Through this sub-arachnoid space the anterior and 
posterior nerve roots pass in making their way from the spinal 
cord on the one hand to the dura mater on the other. 

The septum posticvm ' is a thin membranous partition, which passes 
in the median (lane from the pia mater covering the posterior median 
fissure of the cord to the opposite part of the loose portion of the 
arachnoid membrane. It is most perfect in the cervical region, being 
incomplete below. It consists of numerous fine lamellse, enclosing 
between them spaces, within which run the larger blood-vessels. 

The ligamentum denticiilatum is a narrow fibrous band which runs 
along each side of the spinal cord in the sub-arachnoid space, between 
the anterior and posterior roots of the nerves, commencing above at 
the foramen magnum, and reaching down to the lower pointed end of 
the cord. By its inner edge this band is connected with the pia mater 
of the cord, while its outer margin is widely denticulated ; its denti- 
culations are attached by their points to the inner surface of the dura 
mater, and thus serve to support the cord along the sides, and to 
maintain it in the middle of the cavity. The first or highest denticula- 
tion is fixed opposite the margin of the foramen magnum between the 
vertebral artery and the hypoglossal nerve ; the others follow in order, 
alternating with the successive pairs of spinal nerves. In all there are 
about twenty-one of these points of insertion, but the lower six or 
seven are less regular.*^ 

The relationship of the spinal cord, membranes and nerve 
roots is well seen in figs. 20 and 21. 



The Blood-supply of the. Spinal Cord, 

The spinal cord receives its blood-supply from the anterior 
and posterior spinal arteries, branches of the vertebrals, and 
from a series of small vessels chiefly derived from the inter- 
costal, lumbar, ilio-lum])ar and sacral arteries, which enter 
the spinal canal through the inter-vertebral foramina and 
pass to the surface of the cord along the nerve roots ; on the 
surface of the conl they inosculate with the branches of the 
vertebrals already described. 

The anterior median artery gives off a number of branches 
which pass into the anterior median fissure with the process 
of pia mater previously descri])ed, penetrate the anterior 

t Qmin*9 AnaUmif^ ttintli edition, vol. ii. p. 378, from which I have largely 
borrowed in this description of the spinal roembniDes, and to which the reader is 
referred for further details than the limits of this work will allow. 
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commissure, and divide into two branches (right and left), each 
of which again divides into branches (usually, according to 
Boss, into three branches, which he names anterioVy median 
and posterior respectively), which are chiefly distributed to 
the central parts of the grey matter. Adamkiewics, who 
has minutely described and beautifully figured the blood- 
supply of the spinal cord, terms these the centrifugal arteries 
of the cord.^ The vessels which pass into the cord from the 
other parts of the pia mater, and which converge, as it were. 




Fig. 28. 
DUirUndiim f/llie blooti'VesteU in the Spinat Cord. {^AJier Adamiiewics.) 

1 Die BlutgefJUse des menschlicheii KUrkenniarkes, von Professor Dr Albert 
Adamkiewics. 
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from the surface towards the grey matter, he terms centri- 
petal. Some of these are superficial or marginal, others 
pass deeply into the white substance and supply it, others 
again pass through the white colunuis into the grey sub- 
stance and there inosculate with the branches of the anterior 
median arteries previously described. Adamkiewics lays 
special stress on the distribution of the branches passing 
into the posterior columns and to the comu of grey matter 
along the course of the nerve roots. 

The distribution of the blood-vessels, according to Dr Eoss, 
who has also made minute observations on this subject, is 
seen in fig. 10.^ 



THE PHYSIOLOGY OF THE SPINAL SEGMENT. 

The physiology of the spinal cord, and the functional 
relations of its various parts are much more easily under- 
stood, if we get into the habit of regarding each segment 
as: — 

(1). A centre, from which voluntary motor, reflex motor, 
vaso-motor, and trophic influences are distributed to ; and to 
which peripheral impressions, producing reflex movements 
and sensations, proceed from, a limited area of the body 
{i.e, that portion of the body to which the pair of spinal 
nerves belonging to the segment is distributed). (See figs. 2 
and 29.) 

(2). A condtLcting medium, so to speak, through which the 
great tracts (motor, sensory, controlling, etc.) pass, which place 
the brain in connection with all the other segments situated 
below, or, as comparative anatomists say, posterior to it (i.e. 
the segment we are at present dealing with). (See figs. 30 
and 31.) 

Further, it is convenient to consider the motor, sensory, 
reflex, trophic, and vaso-motor functions of the segment in 
detail ; and since each segment consists of two symmetrical 
lateral halves, it is only necessary to describe the functions of 
one lateral half, and the manner in which the two symmetri- 
cal lateral lialves are (functionally) related to each other. 

> For further pArticalard nee VUeatet of tke Nervotu Sy$itm, by Dr Bosa, 
Tol L p. 765. 
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Fig. 23. 

DiagrammaUc reprtaeniaiion nfVu Spinal Segment as a Spinal Centre, 

V 2* Motor fibres proceeding from the left crossed and direct pyramida] 
tracts, to supply the muscular area, (M,m*0 of the left lateral half of the segment 
2' 1* Motor fibres proceeding from the right crossed and direct pyramidal tracts 
to supply the muscular area, (M*,m,) of the right lateral half of the segment. 
8, Sensory fibre proceeding from the left sensitive area of the Fegment to join the 
main sensory tract (8') in the right postero-internal column. 6*, Sensory fibre 
proceeding from the right sensitive area of the segment to jrau the main sensory 
tract, (4') in the left postero-internal column. 

The arrows indicate the direction of the nerve * currents.* 



Debcription op Fio. 80. 

Diagrammatie representation of the Spinal Segment as a conducting medium ^ showing 
the passage of t'te mmn motor and sensory tracts through it The muscular and 
sensorg areas of the segment have been cut atoaf/, 

B, Right, and B', Left hemispheres of the brain. MO, Lower end of medulla 
oblongata. 1, Pyramidal (motor) tract from the right hemisphere passing 
through the seg^ment in the lateral column of the opposite, and in the anterior 
column of the same side. 2, Pyramidal tract from the left hemisphere. 8', 8 and 
4', 4, Main sensory tracts passing up to the brain in the postero-internal columns. 

The arrows indicate the direction of the nerve force. 
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Fio. 81. 
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THE MOTOR FUNCTIONS OF A SEGMENT OF THE 

SPINAL CORD. 

The nerve fibres, which conduct voluntary motor impulses 
from the brain to the muscular area supplied by the seg- 
ment we are dealing with, and to the muscles supplied by 
all the other segments which are situated below it, enter our 
segment by the crossed and direct pyramidal tracts. (See figs. 
31 and 34.) 

DB8CRIFTI0N OF FlO. 8L 

DioffrtaiuMtic rtpresentatian of the Spinal Stgmtwt at a Spinal Centre and 

Conducting Medium. 

B, Bight, and B', Left, hemispheres of the brain. 
KO — Lower end of medulla oblongata. 

1, Motor tract from the right hemisphere. At MO it divides. The larger 
BobdiTidon decussates, passes down the lateral column of the opposite side of the 
cord, and supplies the muscular fibres M and M' on the left side of the body. 
At 1' the supply to M. is given off. The smaller subdivision does not decussate, 
but passes down the anterior column, and supplies the muscles m and m' on the 
same (right) side of the body. 

2, The motor tract from the left hemisphere. It supplies the muscles M ' and M * 
on the right side of the body, and the muscles m' and m* on the left side of the 
body. 

8, S', Sensitive areas on the left side of the body. 8', S the main sensory tract 
from the left side of the body ; it passes up the right (opposite) side of the cord 
in the (?) postero-intemsl column, and proceeds to the right hemisphere of the 
brain. 

8', S *, Sensitive aress of the right side of the body. 4% 4, The main sensory 
tract from the right side of the body, proceeding up the left side of the cord to the 
left hemisphere of the brain. 

The arrows indicate the direction of the nerve *■ currents.* 

Note to Figi. 29, 80, and 3L 

The exact course of the sensory tracts in the cord is yet undetermined. Some 
aatborities think that the decussation is total, and that sll the sensory fibres pass 
up the posterior columns ; others, that the sensory decussation is partial, some 
fibres passing up the posterior, others up the lateral column ; while Ferrier con- 
cludes, as the result of recent experiments on the monkey, that all the fibres of 
the sensory tract decussate in the cord, snd that they all pass up in the lateral 
column of the opposite side. 



Note to Fig. 81. 

It must be remembered that the direct pjrramidal tract terminates about the 
middle of the dorsal region, and is not therefore seen in the lower dorsal and 
lombar segments. 
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The courae of the motor tract from the cerebrum to the 
spinal cord is as follows : — Motor impulses are discharged in 
obedience to the command of the wiU by the generating motor 
centres in the cerebral cortex (see fig. 32). The motor force thus 
liberated is conducted by the fibres of the pyramidal tract to the 
anterior cornua of the spinal cord. Tliere are, of course, two 
(main) pyramidal tracts, one proceeding from each hemisphere. 
Following the course of either, say that arising from the right 
hemisphere, we find that after leaving the motor centres in the 




Fio. 82. 
Lateral view ofthe human brain.thomng the potitUm of the motor centres. {AJUr Ferritr.) 
(1.) Centre for opposite leg and foot. (2,8, 4.) Centres for movement b of ftims 
and legs, such as are concerned in climbing, swimming, etc. (5.) Centre for 
extension forwards of tbe arm and band. (6.) Centre for supination of the Land 
and flexion of the forearm. (7 and 8.) Centres for elevators and depressors of 
month respectively. (9 and 10.) Centre for the movements of the lips and tongue 
in articulation. (11.) Centre for the platysma; pptraction of the angle of the 
mouth. (12.) Centre for lateral movements of the head and eyes, with eleyation 
of the eyelids and dilatation of the pupil, (a, b, c, d.) Centre for the movements 
of the hand and wrist. 
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cerebral cortex it passes through the corona radiata, the anterior 
two-thirda of the posterior division of the internal capsule (see 
IK, fig. 33), crus cerehri, right side of the pons, and right side 




Horiiamlal tciion of lit train of a cAild nine moHlii old, Iki right lide beins i' " 

Kimt i oiat loKtr lerel tiiaji tie It/t Auf/", lAariiig lie patltion ay tie ialrraal ctymU 

(IK, K,u>dIK'> iFrof, FUckiig.) 

F,Fn)DUl,TS, Tempero-SplwDulilil, and 0, Occipiul lubes. Op, Opercnlom. 

In, Iilud <A Heil. Cli, UliuBtrum. F"', Third (ronUt cunvolalion. Tb, Optic 

Ibklamui. tic, Caudite nncleuB. MU'.Tall ofaudaLe Ducleas. LM, LuDticollr 

BnclaoL 1, II, III, Firati second, lud ILiri) diiiBiDug u( lliu k-DticuUr nuclaa* 
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of the medulla. At the lower end of the right side of the 
medulla it divides into two parts (see figs. 31 and 34)— 




Fio. U.^Dtagrammaiie rtpretentation of the coune o/tketnnxtmidal tract aritmg 
n oi . ^/^''^^^^^''*'f^^<^^^^^***^ right hemisphere o/A^ 
B, Kight hemisphere of brain. 1, 2. 8, Generatiug motor centres in the right 
bemispbere. CC, Crus cerebri. P, Pons varolii. MO Medulla oblongata. 
8 Begmant of spinal cord. At the lower end of the medulla the motor tract 
dmdea. The larger subdivision decussates and passes down the opposite side 
of the cord in the lateral column; it is distributed to the muscles M^' on the left 
side of the body. The smaller subdivision passes down in the anterior column 
of the same side of the cord, and is distributed to muscles m, m' on the right aide 
of the body. 
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the larger divisioQ (which, acconling to Flechsig, usually con- 
tains from 91 to 97 per cent of the whole) crosses over to the 
left side of the spinal cord, and proceeds down the left side 
of the cord in the lateral column, constituting the crossed 
pyramidal tract of the left lateral half of tlie cord. The 
smaller subdivision (which, according to Flechsig, usually con- 
tains from 3 to 9 per cent, of the whole) does not decussate, but 
passes down the same (right) side of the cord in the anterior 
column, constituting the direct pyramidal tract (or column of 
Tiirck), the position of which has been already described. 

Voluntary motor impulssa, then, are chiefly carried to our 
segment by fibres which pass to it from the crossed pyramidal 
tracts in the lateral columns. 

The fibres carrying motor impulses to inferior segments 
simply pass through our B(^ment. (See fig. 30.) The fibres 
destined for our segment itself leave the main motor tracts 
(direct and crossed pyramidal tracts) as represented in fig. 15, 
enter the grey matter, and pass to the anterior cornn. Some 
of them probably become connected with the multipolar nerve 
cells, Othetv probably pass directly into the anterior nerve 
roots. After entering the grey matter, the fibres of the pyra- 
midal tract are supposed to divide and subdivide, and finally 
to form connections with the delicate fibrils of Gerlach's nerve 
network, in which, as 1 have previously stated, the branches 
of the multipolar nerve cells (except the axis cylinder pro- 
ceas) are supposed to termmate as is represented in figure 35. 




Flo. 3A.^^<ifipntul rnHom n/a tierrejibn aM a urm nil. 

Tba iirocMMC of itw celt iubdivia* iolu > minuu oelvork (Gwkch's iwrTe 

Mtwork), in which the fibre, a, Hao loMi iUelf. 
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Voluntary motor impulses leave the multipolar nerve cells 
of the anterior comu per their axis cylinder processes, and 
pass out of the cord through the anterior roots. The anterior 
root-fibres pass through the anterior column in several bundles, 
as is shown in fig. 36. 

The paseage of the motor fibres from the crossed pyramidal tract 
to the anterior nerve root is diagrammatical! y represented in fig. 31. 
The exact manner in which the fibres from the direct pyramidal 
tract pass into the anterior root is not yet definitely decided. Some 
authorities think that they decussate in the cord and pass out through 
the anterior nerve roots of the opposite side. According to this view 
there is a total decussation of the main pyramidal tract proceeding 
from each hemisphere — the greater number of the fibres of which it is 
composed passing to the opposite side of the cord at the lower end of 
the medulla, and constituting the crossed pyramidal tract ; the smaller 
number (which pass down on the same side of the cord as the direct 
pyramidal tract) decussating in the cord itself, through the anterior 
white commissure. 

Others suppose that the fibres of the direct pyramidal tract pass 
through the anterior horn of grey matter to the anterior nerve roots on 
the same side, a<« shown in fig. 34. According to this theory, the main 
pyramidal tract from one hemisphere conducts motor impulses to hoik 
sides of the body. Tliis view is supported by Dr Hughliiigs Jackson, 
who thinks that : *• The crossed and direct connection which this (the 
main pyramidal) tract forms between the cortex of the brain, and the 
grey anterior horns, is rendered necessary by the fact that every 
movement of one side of the body alters the centre of gravity, and 
necessitates a new adjustment of the opposite side.* ^ 

The special motor functions of individual segments will 
be afterwards detailed. 



THE SENSORY FUNCTIONS OF THE SPINAL SEGMENT. 

The fibres which conduct sensory impressions from all 
inferior segments (i.e. from all parts of the body below our 
segment) enter and pass through our segment either in the 
lateral or in the posterior columns. (See figs. 30, 31, and 
38.) The exact position in the transverse section which 
these fibres occupy has not yet been definitely ascertained, 
but it is generally believed that each lateral half contains 
the greater number, if not all, of the sensory fibres proceed- 
ing from all inferior half segments on the opposite side 
of the body ; that is to sfiy, that there is a more or less 

1 Boss, Durase* of the Nertotu Sffftem^ vol. i. p. 837, to wLich the retdcr is 
fbferred for a more detailed accouDt of Dr Jackson *8 views. 
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complete decussation of the sensory fibres at (or about) their 
point of entrance into the cord, as we have already seen that 
there is a more or less complete decussation of the motor 
fibres at tJieir point of entrance into the cord, i.e. at the top 
of the cord. (See fig. 39.) 

Schiff concluded that the whole of the sensory fibres decussate, and 
that they pass up in the posterior column of the opposite side. (See 
figs. 31 and 38.) 

WoroBchiloff and Ludwig think that sensory fibres in the rabbit 
are conducted upwards in the lateral columns, and that each lateral 
column contains sensory fibres for both legs. 

In support of these experiments on the rabbit, Gowers brings 
forward a case of crushed cord in man, in which he found secondary 
ascending degeneration of the postero-intemal columns, and a sym- 
metrical patch of the ascending degeneration in that part of the 
lateral colamn which lies in front of the crossed pyramidal tract. He 
thinks that this fact, taken in conjunction with the experiments on 
animals, favours the view that some sensation is conducted in this 
region in man. — (Diagnosis of DUtases of the Spinal Curd, p. 14.) 

The lamented German translator of this work, — the late Dr N. 
Weiss, concluded that in the dog each lateral column contains sensory 
fibres for both halves of the body ; an opinion which, he states, has 
been confirmed by Dr KuBmin.^ Dr Isaac Ott*s experiments on the 
cat are also in favour of this view. — (Journal of Ahntal and Nervous 
Diseases, July 1882.) 

Ferrier thinks that in the monkey the decussation is complete, and 
that the whole of the sensory conducting fibres pass upwards in the 
lateral column. 

The fibres which conduct sensory impi*essions from the 
body area corresponding to our segment itself, enter our seg- 
ment through its posterior nerve roots. The posterior nerve 
root joins the cord as a single bundle of fibres (see fig. 3). 
After entering the cord its component fibres diverge. Some 
of them pass directly into the posterior horn of grey matter, as 
is shown in figs. 3 and 38. Others traverse the postero-extemal 
column, and then pass into the grey matter of the posterior 
horn (see fig. 37). In some parts of the cord the fibres of the 
posterior roots pass obli<iuely through the postero-extemal 
column; they consequently enter the grey matter at a slightly 
diiferent level from their point of entrance into the cord. 
Having passed into the posterior horn of grey matter, they, 
then, in great part or in (ofo, decussate, pass through the 
commissure of the cord, and join the main sensory tract, which 

1 Dio KmnkhcntCD <U>8 Kackenmarkes (Drtrnwell Weisjs p. 21). 
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passes up the opposite side of the cord to the brain. (See 
figs. 29, 38, and 39.) The decussation of the sensory fibres 




^ 




Fio. 88. Fio. 88'. 

Diagrami of the cowrte of the Setuor^ Tract proceeding from the left side of the Bodg. 

Fig. 8&— B. The right hemisphere of the lirain. 4, 5, 6, Perceptive (sensidve^ 
oentree in the right hemiffphere. S« S\ Sensitive areas (eldu, mascleet tendon, etc.) 
of the left Bide of the body from which sensory impressions proceed in the direction 
indicated by the arrows. 

Fig. 88'. — In this fignre the sensory decussation in the cord is represented ss 
partial od1t« Those fibres* which do not pass to the opposite side of the cord,sre 
made to ascend in the lateral column, and to decussate at the lower end of the medulla. 



THE SPINAL SEGMENT. 33 

ID the cord la not accepted by aH authorities ; Meynert, for 
example, describes a sensory decussation in the medulla; while 
I^ndois, in hii^ scheme of the nerve centres, makes the whole 
of the sensory tract pass up the same side of the cord and 
decusaate in the medulla. (See his Physiologie des Menxhen, 
page 717.) A partial decussation is represented in fig. 38'. 




mil/' a^can^tfir Hit mtory and motor nirve 
traeu/or botli liiiiM of lie body. 
Tb« tUdC lluv^Uator flbras. Thejiiu llofB-cSenwir]' flbriM. Tha foXMuwi 
Hp « » -Motor (thlrk) and tanaotj (One) fibres, mpplvliig (he Irfl aide of the bodv. 
Th* •bttetfUoM— Motor (thick) knd Wfaaorj (iut) fibroB. mpplflnlt tlia right aide 
of the bodr- BavLaft aids of brain. B'=Bight dde o[ bnin. 1, i, S^Hntor 
eealna for rigkt arm. trunk, aod lafi mnaelca reapactiTaly. in tha kfl cerebral 
corlrx. 1' 1' 8'— >H otor ceulr^a tor Wl arm, tmnk, »nd Ire moKleB reapfctlTely, 
to the riyU cerebral cortex. P—The [xina TaroUl M=The medolla o^Ioogala. 
S^^Daory iierTea from akin, ate., of rigkl upper aitrrmlty. S'^^soaatjiierTea 
from aMn. *t&.«t Un upper eitranlfr. 6"— Sruaory uerrea from akin, ale of 
UfittAmi triiek. B"'>i^aaorT nervsa froin aUo.atc.of fr/) lower ezlremit}'. 
H— Muaelea at ri<^ Bpprr eilraoiltT. U— MnKlaa of Irft opprr fitramity. 
K-'-OlaaelM af fa/) aide of Irank. H'"— Huictca of ^I lower eilmnirr. 
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After leaving the cord, the maio Bensoiy tract passes 
through the medulla, poiia, crus cerebri, and posterior third 
of the posterior division of tlie internal capsule (see figs. 33 
and 40) in order to reach the sensory perceptive centres, 
which are situated in the posterior parts of the liemispheies. 
There is great difficulty in establisliing tlie exact position of 
the tactile centre. Fenier, as the result of his experiments,' 
places it in tlie hippocampus major and uncinate convolution, 
a view which seems to be confirmed by clinical observation, 
for many cases have been reported in which rupture or 
disorganisation of that part of the internal capsule, which lies 
external to the optic thalamus, has caused hemian^esthesia of 
the opposite side of the body. 




Fio. 40. 

I'rrtical imiueftt $tclioti through the braia o/the di-g oa a Itrti vtUk tht 

curpara manUllaria. {Aflrr CattiUe and Daret.) 

00. Tbe oplio tli&lRnii. 8S. Tlie uucid cBudati of (be corpor* itrUU ou «>ch 

Biile. LL. Tlie leDtJcnUr nuclduf tLecarpor*a(rJata. PP. Tbe iuterul cipcole, 

or pediincgUr eipsnrtno. AA. The hippocainpL X. Soclion of tba po«tBrior 

pkrt of ttie pedancuUr eipaiiBiOD, causing AcniiiUHUeiia. 

The special sensory functions of individual segments of 
the cord will be afterwanls described (see page 147). 

THE KEFLEX Ft'NCTJOXS OF THE SPINAL SEGMENT. 
Every half segment of tlie spinal cord with its sensory and 
motor nerve roots is, in theory and probably also in fact, a 
perfect reflex arc. I'eriplieral irritation applied to the portion 
of skin, muscle, tendon, etc., to which the fibres of its posterior 
nerve root are distributed, may result in the production of 

» Tht FuKtiom o/thr Brnin, p. 175. 
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(reflex) movements in the muscular area to which the fibres 
of its anterior nerve root proceed. 

As a matter of fact, peripheral irritation, applied to the 
body area of one segment, often produces (reflex) movements 
in the muscular areas of other segments, as well as in its own 
muscular area. This is owing to the free inter-communication 
between the nerve fibrils in the grey matter of the cord. 

The multipolar nerve cells of the anterior comna probably 
constitute the centre of this reflex arc. The superficial reflexes 
are probably conducted by those fibres of the posterior root 
which pass directly into the posterior horn of gi*ey matter; while 
deep reflex impulses are probably carried by those fibres which 
pass through the postero-extemal column, as is shown in fig. 41. 




Diogrammatk representation of the rtftrx fmctiotu of the Spinal Setpneni, 

The left half scKinent is normal. Tho right balf represouts the early stage of 
locomotor ataxia, the position of the lesion beiug shaded dark. 

8, Skin from which sensory fibres pass through the common seosory motor nerve 
tmnk, posterior root, and posterior horn of grey matter to the reflex centre (4). 
T, Tendon, mnscle, and fascia, from which the sensory fibres pass which conduct 
the deep reflex movements. These fibres traverse tho postero-exterual column. 

m, Hnscle supplied by the anterior root of the left half segment The dotted 
Hoe pacaiog from tba crossed pyramidal tract in the lateral column represents the 
inhibitory fibre. 

The arrows show the course of the reflex impulse. 

On the right aide the deep reflex movements are soon to be arrested by a lesion 
in the poatero-external column. 
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Clinical and pathological observations go to show that 
reflex movement may be inhibited by an etfort of the will. 
The fibres which conduct inhibitory reflex impulses probably 
pass down the cord in the crossed pyramidal tract. 

Whether there are distinct fibres set apart for the con- 
duction of inhibitory impulses is doubtful. It is, I think, 
quite possible that the same fibres which conduct voluntary 
motor impulses may conduct inhibitory impulses too. When 
we inhibit or prevent a reflex movement ; when, for example, 
we resist the reflex jerking of the leg, which, under ordinary 
circumstances, follows tickling of the sole, we do so by placing 
the muscles of the limb — probably the antagonistic muscles 
to those concerned in the production of the reflex movement — 
in a condition of tonic, but not obvious (naked eye) contraction. 
In other words, we send a motor impulse through the fibres 
of the pyramidal tmct. So, too, when we inhibit the vesical 
reflex we sustain the action of the sphincter and urethral 
muscles by a voluntary effort, until the reflex impulse, which 
has made its way from the vesical mucous membrane to the 
detrusor through the spinal cord, has become exhausted. 

The greater number of the inhibitory fibres which enter 
our segment (viz., all those which govern the reflexes passing 
through inferior segments) simply pass through it. Tliose 
fibres which conduct impi'essions, inhibiting the reflexes proper 
to our segment itself, leave the main bundle of inhibitory 
fibres, enter the grey matter, and presumably become con- 
nected with the reflex centre (multipolar nerve cells of the 
anterior cornu) as represented in fig. 41. 

The special reflex functions of individual segments will 
be afterwards described when I come to treat of the clinical 
examination of the spinal cord. (See page 140.) 



THE TROPHIC FUNCTIONS OF THE SPINAL SEGMENT. 

The multipolar nerve cells of the anterior cornu exert 
a trophic influence upon the motor nerve fibres passing 
out of the segment, and upon the muscular fibres to which 
they are distributed. When the multipolar nerve cells are 
acutely destroyed, the axis cylinder processes arising from 
them, the fibres of the anterior roots, and the nmscular fibres 
to wliich they are distributed, undergo rapid atropliy. 
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But, in addition to the trophic influence of the multipolar 
nerve cells of the anterior comu, the grey matter of the 
spinal cord and the posterior root ganglia seems to exert a 
trophic influence upon the portion of skin from which the 
fibres of the posterior nerve root proceed. After cei-tain 
injuries of the central grey substancci for example, acute bed 
sores have been observed. 

Further, it must be remembered that the fibres of the 
pyramidal tracts (direct and crossed) have their trophic centre 
in the motor area of the cerebral cortex. Lesions, therefore, 
in our segment which sever this connection will be followed 
by descending degeneration of the pyramidal tracts in all the 
segments which are situated below it. (See p. 44.) 

Again, the fibres of the posterior nerve roots and of their 
upward prolongations have tiieir trophic centre in the posterior 
root ganglia. Lesions of our segment, therefore, which sever 
this connection will be followed by secondary ascending de- 
generation ; and as a matter of fact we know that lesions of 
the postero-extemal column are followed by secondary as- 
cending degeneration of the postero-intemal column, above 
the level of the lesion.^ Total transverse lesions in the dorsal 
and cervical segments are followed by secondary ascending 
degeneration of the direct cerebellar fibres, which have their 
trophic centres in Clarke's vesicular column. 



THE VASO -MOTOR FUNCTIONS OF THE SPINAL SEGMENT. 

We have not as yet much definite knowledge regarding 
the vaso-motor functions of the spinal cord. It is probable 
that vdsixonstrictor and vaso-dilalor fibres pass through each 
segment, and that there are distinct vaso-motor centres in 
some, at least, of the segments of which the cord is composed. 
The exact position of the conductors (vaso-motor dilators and 
constrictors) in the transverse section is not definitely known, 
but it is probable, from Ott*s observations in the cat, tliat the 
vasomotor fibres decussate in part in the cord, and that they 
pass down the lateral columns.' 

> A fftct wbich M^ms to favour the view (contradicted be it remembered bj 
tlie experimeDts of Ferri^r on the monkey), that the postero-iuternal columna 
conduct Mnsory tmprcAhiona upwards to the cerebrum. 

s Jomnal o/ytrpoui tmd Jfental Diseaut^ July 1882. 
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THE FUNCTIONAL CONNECTION OF THE TWO LATERAL 
HALVES OF A SPINAL SEGMENT. 

Each half segment is, to a large extent, functionally inde- 
pendent of its fellow on the opposite side. In the segments 
composing the cervical region this independent action is 
most highly developed, but even there the two lateral halves 
are in intimate connection. 

Numerous illustrations of their relationship might be 
given, but the following will suffice: In cases of hemiplegia, 
voluntary movements in the sound (non-paralysed) hand are 
sometimes attended by corresponding movements in the para- 
lysed one. External irritation applied to one limb not unfre- 
quently produces reflex muscular movements on both sides 
of the body. If one hand be plunged into cold water an altera- 
tion in the temperature of the other hand occurs, etc., etc. 

In the segments composing the dorsal region of the cord, 
this independent action, as regards the motor functions at all 
events, seems to be much less developed. The muscles 
supplied by the half segments of one side (in this the dorsal 
region) are in the habit of acting in connection with the 
muscles supplied by the half segments of the other. And 
to provide for this associated action there is probably, as 
Dr Broadbent has so well theorised, a free communication 
between their respective nerve nuclei — the multipolar nerve 
cells of the anterior comua. 

THE CONNECTIONS OF DIFFERENT SEGMENTS WITH ONE 

ANOTHER, Sjmial co-m^dination of mavemerU, 

Adjacent segments are, of course, structurally continuous. 
But, in addition, different segments are structurally and func- 
tionally connected with and related to one another. Such a 
combination is required for the co-ordination and grouping 
of motor impulses. The co-ordination of muscular move- 
ment, especially of tlie muscular movements of tlie lower 
extremities, is probably to some extent reflex, t.«. under the 
direction of peripheral impressions proceeding from the skin, 
muscles, tendons, joints, etc. And we may theoretically 
suppose that the peripheral impressions of this descrip- 
tion, which enter by one posterior root, may require to be 
distributed to several adjacent segments. This distribution 
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is probably, in part at least, provided for by the commissural 
fibres which pass from (?) the posterior horn of one segment 
to the posterior horn of other segments, through the postero- 
external columns. For the same reason, we may theoretically 
suppose that the multipolar nerve cells of one segment are 
connected with the multipolar nerve cells of other segments 
— that there are, in short, commissural fibres which pass from 
the anterior horn of one segment to the anterior horns of other 
segments, possibly through the anterior columns. 

But in addition to these, which we may term the more 
highly specialised commissural coimections, every segment is 
connected with every other segment by means of the vast 
network of delicate nerve fibrils which constitute such a lai^e 
and important part of the gi*ey matter. 

Motor impulses and sensory impressions, or, more correctly 
speaking, the ner\'e vibrations which produce sensory im- 
pressions and motor impulses (or nerve currents, as they are 
less accurately, though very expressively called) follow the 
path of the least resistance ; and tlie more highly specialised 
the sensation or movement, the more sharply defined is the 
path through which tliat impulse travels (i.e. the greater is 
the difference in the degree of resistance between the path 
through which it must pass to produce the desired result, and 
all other paths). The nerve currents which produce the more 
highly specialised movements have little or no tendency to 
diffuse themselves, and in passing through the grey matter 
of their respective segments they make use of A^ery definite 
channels, while the nerve currents, which produce the least 
specialised sensations and movements, have a considerable 
tendency to spread from segment to segment, and so through 
the whole cord, pei* this delicate nerve network in the grey 
matter. Conversely, in cases of disease where the accustomed 
path (the path of least resistance) is * blocked ' by a lesion, the 
more sharply defined that path, the gi*eater difficulty will the 
nerve vibration have in finding its way by any other. Hence 
it follows, that the more highly specialised sensations and 
movements are most easily deranged, and, when deranged, are 
with the greatest difficulty restored. 

Where the accustomed patli is * blocked,' the nerv^e current 
will always tend to pass by some side or collateral channel. 
In some cases the position of the 'block' prevents the possi- 
bility of such passage. Section of a sensory-motor ner\'e, or 
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of its posterior root (the position of such lesions is marked in 
fig. 41 by the numbers 1 and 2), will, of necessity, prevent 
any reflex movement being excited by irritation of its sensitive 
body area ; but where the ' block ' affects the reflex arc after 
the posterior root has entered the grey matter, say, for example, 
where the reflex centre (4, fig. 41) is destroyed, though the 
reflex impulse cannot pass out, jper its accustomed channel, it 
may make its way through the delicate nerve network in the 
grey matter to other and more distant segments, and so pass 
out to other and more distant muscles. 

This fact was strikingly illustrated in the following case 
of polio-myelitis anterior acuta, A woman was suddenly 
attacked with paralysis of all four extremities. The attack 
was ushered in with fever. The paralysis was followed by 
rapid atrophy. When I saw the case, some months after the 
onset of the disease, the paralysis was almost complete in the 
lower extremities, and very considerable in the upper. The 
paralysed muscles were atrophied to an extreme degree. 
Sensibility was quite perfect, indeed abnormally acute. There 
was not, and never had been, any affection of the bladder or 
rectum. Tickling the soles produced no rejlex movement in the 
lower extremities^ for the reflex impulse could not pass oxit 
owing to the lesion in the reflex centre, but was followed by 
strong contraction of the muscles supplied by the tipper segments 
of the cordy indeed, the jerking movement which resulted was 
suificiently powerful to produce a violent start of the whole 
body. 
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CHAPTER II. 



THE GENERAL PATHOLOGY OF THE SPINAL CORD — THE ALTERA- 
TIONS IN FUNCTION WHICH RESULT FROM LESIONS OF 
ITS DIFFERENT PARTS. 



Passing from normal to diseased function, I will now 
describe some of the more important points with regard to 
the pathology of our spinal segment. It must, however, be 
remembered that, in actual disease, the morbid process is 
very seldom, even at its commencement, limited to a single 
segment. In the majority of cases met with in practice, 
several segments, or even long portions of the cord, are 
involved. The somewhat artificial arrangement which I pro- 
pose to follow is, however, useful — it greatly simplifies the 
subject, — and, with the caution I have just given, may be 
safely adopted for teaching purposes. 

Some of the morbid conditions affecting the spinal cord 
(i.e. our segment) are primarily nervovs; others originate 
in the surrounding parts (i.e. bones and membranes). In the 
latter case, the cord lesion is secondary. Now, in describing 
the pathology of the spinal segment and the symptoms which 
result from derangement of its different parts, it is convenient 
to separate these two groups of lesions, which may be termed 
inlrarmedidlary and extra-medullary respectively. 



INTRA-MEDULLARY LESIONS. 

The affedums of the cord which are primarily nervous are 
either acute or chronic. In some, the diseased process is 
strictly limited to definite physiological tracts. These affec- 
tions are called system diseases. In others, the morbid process 
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has no such physiological limitation, but involves at hap- 
hazard, as it were, a greater or smaller portion of the trans- 
verse section. To these lesions the term indiscriminate may 
be applied. In a third group of cases, as we shall after- 
wards see, these two forms of lesions are combined. 



THE SYSTEM DLSEASES OF THE SPINAL CORD. 

The great characteristic of a system disease is, as I have 
abeady mentioned, the sharp limitation of the lesion to a 
definite physiological tract. The lesion usually extends 
through several segments, and is generally bilateral and sym- 
metrical. 

The great vertical extent is due in some cases, as in 
polio-myelitis anterior acuta, to the circumstance that the same 
physiological areas, in many diflferent segments, are affected 
simtdtaneottsly. In others it results from the extension of 
the morbid process from segment to segment along the fibres 
of the affected tract. This extension (always?) takes place 
in the direction of the physiological activity of the affected 
fibres, and is very generally of the nature of a ' secondary 
degeneration.' 

The system lesions of the spinal cord are either primary 
(i.e, arising independently of any previous lesion), or second- 
ary (i.e. resulting from some previous morbid condition). 
To the secondary system lesions the term ' secondary degen- 
erations * is usually applied. 

Priinary system Icsioiis, 

The physiological tracts in the transverse section, which 
are liable to be affected by primary system lesions are : — 

1. The region of the anterior corau (1, 1' fig. 42). 

2. The region of the crossed pyramidal tract (3, 3' fig. 42). 

3. The region of the postero-external column (2, 2' fig. 42). 

Professor Pierret of Lyons has described a case in which 
the postero-internal columns were affected by, what seemed 
to be, a primary system lesion ; but so far as I am aware no 
other case has yet been recorded.^ 

1 Archive* dt Pht/tiofoffie^ 1878, p. 74. 



TUE SriSAL CORD. 






Pla. 4i. 






no/ti, primary «f,l^mh,i<^ 


•tf/lketpimileont. 


Begion or the •Dier 
3,3' Bt-EJon of tlie c 


ior horn. 2. V Region . 
r™«d pjTamid.1 tr.cL 


)l the poatcro-extc 



In the majority of cases one system only is involved, but 
in some cases two physiological tracts in the same half 
segment may be afl'ected. In combined cases the lesion is, at 
the outset, limited to one tract, and subsequently spreads to 
another. The mode of extension is usually along the fibres 
which connect the two systems functionnlly, and is (always I) 
in the direction of the physiological activity of the connec- 
tion. Thus, a sclerosis of the postero-external column may 
extend to the anterior comu, presumably along the fibres, 
which paas from the postero-extemal column to the posterior 
comu, and thence to the anterior horn ; or a sclerosis of the 
crossed pyramidal tract may extend to the anterior comu, 
presumably along the fibres which leave the main motor tract, 
and pass into the grey matter. 

Occasionally it would appear that the morbid process is 
propagated from one physiological tract to another by direct 
extension (continuity of tissue), and that a sclerosis of the 
postero-extemal column (and posterior comu) may cause a 
sclerosis of tbe pyramidal tract in the lateral column ; a lesion 
of the anterior comu may pass to the crossed pyramidal tract, 
and so on. 
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Secondary system Im&m {secondary degenerations). 
The regions of the transverse section, which are liahle to 
be affected by secondary degenerations, are the regions of 
the crossed and direct pyramidal tracts, and the region of 
the postero-internal column. (See fig. 43.) 




Fio. 48.^ — fHanrammalic rtpratiUalioit o/tlie tmrndary tt/iloa Uiiimt Kflii Spiiial Cord. 
1, 1' Region of the croi»ed pyrminHml tnci. 2,2' Region of tbe direct pjTm- 
Taidij trscL 3,3' Region of tUe poBtero-internal cot omii. 

The secoiiAary degejierations of t/ie crossed and direct pyramidal 
tracts {secondary descending degeneratums). 

The primary lesion, which produces secondary d^enera- 
tion of the motor tracts in the cord, may be situated either in 
the brain or in the cord itself, but it must be so placed as to 
separate the fibres of the pyramidal tract from their trophic 
centre, i.e. the nerve cells of the cortical motor centres. 
When the lesion is in the brain, in cases, for example, of 
hemorrhagic destruction of the internal capsule, the degenera- 
tive process extends downwards along the course of the pyra- 
midal tract. In the cord, therefore, it involves the direct 
pyramidal tract on the same side, and the crossed pyramidal 
tract on the opposite side to the brain lesion. (See fijir. 44.) 

lu some cases of cerebro-spinal sclerosis in which the 
lesion seems to Iiave destroyed all the nerve tubes in the 
crossed pyramidal tract, there ia no secondary descending 
degeneration ; a fact that can only be explained by sup- 
posing either that something more than mere destruction, i.e. 
mere shutting off of the trophic influence {possibly irritation 
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Fio. 44. 

TmnwtT$e ieetion through the cervical region of the Spinal Cord in a caxe o/tecondarg 
detcending degeneration^ the result of a lesion of the right pyramidal tract above the cord. 

The crossed pyramidal tract (1) is degenerated on the left (the opposite) side to 
tbe brain lesion. The direct pyramidal tract (2) is degenerated on the right (the 
same aide) as the brain lesion. 

of some form or another) is required, or — and this is the more 
probable explanation — that the axis cylinders are not so 
extensively destroyed as they appear to be. 

When the primary lesion is situated in the cord itself, the 
degenerative process may involve one or all of the pyramidal 
tracts below the lesion. 

A total transverse lesion will produce secondary descend- 
ing degeneration of the direct and crossed pyramidal tracts on 
both sides of the cord. (See figs. 45 and 59.) 




Fio. 45. 

Steimdarg descending degeneration of the Spinal Cord tjt/tr a total transrene lesion. 

Tbe lesion is supposed to be situated above the level of the miction nhown in 
ike fifrnre. 1,1' Degenerated crossed pyraiuidal tracts. 2, 2' Degenerated direct 
pyramidal tracts. 
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A unilateral transverse lesion will cause secondary de- 
scending degeneration of ^ the crossed and direct pyramidal 
tracts on the same side only (see figs. 46 and 61). 




Fig. 46. 
Secondary descending degeneration of the Spinal Cord ajler an unilateral lesion* 

The lesion is supposed to bo situated above the segment shown in the figure, 
and to occupy the right half of the cord. 1. Degenerated crossed pyramidal tract. 
2. Degenerated direct pyramidal tract 

A lesion limited to the lateral column will be followed by 
secondary descending degeneration of the crossed pyramidal 
tract on the same side (see fig. 47) ; wliile a lesion of the 
direct pyramidal tract in any given segment will, theoreti- 
cally/ be followed by secondaiy descending degeneration of 
the same physiological area in all the segments which are 
situated below it (see fig. 48). 

It will be observed that in all of these cases the degenera- 
tive process extends downwards from the seat of the primary 
lesion ; hence the term secondary descending degenerations.' 



> Secondary descending degeneration confined to the columns of TQrck has not, 
so far as I know, been demonstrated post mortem, 

* The fibres of the pyramidal tract above the lesion do not, of course, degenerate 
for their connection with the trophic centre is unim|)aired. 
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Fio. 47. 

Seeomday deteemiing degenerotiflu^ oftht erotted pyramidal trad tufter a Itdon oftkt 

lateral column on one side. 
The lerion u supposed to be situated above the level of the section shown in 
the figure, and to involve the lateral column of the right side. 1. Degenerated 
pyramidal tract of the right side. 

AR 




Fio. 48. 

Seeomdary descending depeneratitm aflfr a lesion eonjbted to the anterior 

column oftht cord. 
The ledoo is supposed to be situated above the level of the section shown in 
tfas figure, and to involve the aoterior column of the right side. 2. Degenerated 
diraci pyramidal tract of the right side. 
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Secondary degeneration of the postero-intemai column and of the 
direct cerebellar tract {secondary ascending degeneration). 

Secondary degeneration of the postero-internal column 
(see figs. 49 and 50) results from any lesion which separates 
its fibres from their trophic centres in the posterior root 
ganglia. The lesion is usually situated in the postero-external 
column, but it may be placed in the posterior root between 
the ganglion and the cord, or in the ganglion itself. The 
degenerative pi*ocess extends upwards, hence the t^rm 
secondary ascending degeneration. 



4'. 




3' 3 

Fio. 49. 
Secondary ascenJing defeneration of the pogtero-interwd colwwnt. 

The lesion is supposed to be situated in the postero-external columns beloir 
the level of the section shown in the figure. 3, 8' Degenerated postero-interoal 
columns. 4 and 4% direct cerebellar tracL 

Secondary ascending degeneration of the direct cerebellar 
tract results from lesions which destroy Clarke's vesicular 
column of cells (the trophic nerve centre for the fibres of the 
direct cerebellar tract), or which separate the fibres of the 
direct cerebellar tract from this, their trophic nerve centre ; 
and since Clarke's column of cells and the direct cerebellar 
tract are not present in the lower part of the lumbar enlarge- 
ment, it follows that secondary ascending degeneration of this 
tract is only observed when the lesion is situated in or above 
the upper part of the lumbar enlargement 
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PATHOLOGICAL PHYSIOLOGY AND CUNICAL OCCURRENCE. 

I will now describe in detail the conditions which result 
from the lesions of the different physiological regions or 
tracts. 



LESIONS OF THE ANTERIOR CORNU. 

The ultimate effect of all lesions of the anterior comu (see 
fig. 53) is to cause destruction of the multipolar nerve cells 
which are its essential constituents. The effects of the lesion, 







Fio. 63. 



Tmunrrte iectUm of the Spinal Otrdy tluntwg the region of the anttricr comtt (1,1'} 

Bhaded dart. 

x,€. the symptoms, in any given case, depend upon two ele- 
ments, viz., the rapidity of the destruction, and the number 
of nerve cells which are destroyed. In order that the 
raitoTuile of the symptoms may l)e perfectly clear, I must 
recapitulate the functions of the multipolar nerve cells of the 
anterior comu, and at the same time direct attention to figure 
54. 

The physiological fundion of the multipolar nerve cells of 
the anterior cornu, — 1. To the multipolar nerve cells of the 
anterior cornu pass : — (a) Voluntary motor impulses from tlie 

D 
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brain, per the fibres of the crossed and direct pyramidal 
tracts (see fig. 40) ; (b) reflex impulses from the * sensitive 
area ' of the segment, per the fibres of its posterior nerve 
roots; (c) controlling impulses for the reflexes of the segment, 
per the fibres of the crossed pyramidal tract^ 

2. From the multipolar nerve cells — (a) voluntary and 
(J) reflex motor impulses pass to the muscular area of the 
segment, per their axis cylinder processes. 

3. The multipolar nerve cells of the anterior comu are the 
trophic centres for the motor nerve fibres arising from the 
segment, and for the muscular fibres to which they are 
distributed. 




Pio. 54. 
Diayrammatic rcprtseniation of the cotmecHofu of the motor nerce cellt of the anterior 

comu. 

1. Branch which conveys to the cell, voluntary-motor and coutrolling-rcflex 
impulaes. 2. Branch which conducts to the cell the superficial reflexes. 8. Brauch 
which conducts to the cell the deep reflexes. 4. Axis cylinder process, which 
transmits voluntary motor, reflex motor, and trophic impulses, from the cell 
to the muscle M. 5. Branch which places the cell in communication with other 
cells in other segments. 6. Branch wliich places the cell in connection with 
other cells in the opposite anterior horn of the same segment. On the left side* 
the division of the cell processes, which terminate in Gerlach*s nerve net work is 
shown. 

> With regard to the question of separate controlling fibres, see p. 36. 
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Acute destruction of the anterior hom {i.e. of its 
multipolar nerve cells) may be total or partial. Where all 
the multipolar nerve cells of our segment are acutely destroyed, 
the symptoms will be as follows : 

(a.) Positive symptoms : — 

1. Immediate paralysis of its muscular area. 

2. Absence of all reflex movements in its muscular area. 

3. Sapid atrophy, and the * reaction of degenemtion,' ^ in 
the paralysed muscles. 

(h.) Negative symptoms : — 

Lesions limited to the anterior comu do not disturb the 
sensory functions of the segment, nor its functions as a con- , 
ducting medium. There is, therefore, no derangement of sen- 
sibility in the parts supplied by its posterior roots. The motor, 
sensory, and other functions of all inferior segments are intact. 

The extent of the paralysis and of the muscular atrophy 
varies directly with the number of nerve cells which are 
destroyed. \Vliere the destruction is incomplete the paralysis 
is of course partial. In such cases the reflex impulses may 
still be obtained. In cases of partial destruction it may 
be difficult or impossible to demonstrate the 'reaction of 
degeneration,' for the healthy muscular fibres respond in a 
normal manner to both forms of current, and so obscure the 
reactions of disease. 

In many cases of acute inflammation of the anteriol* 
comu (polio-myelitis anterior acuta), in which there is at the 
outset total paralysis, a certain amount of power is subse- 
quently regained. In such cases, the inflammatoiy process 
temporarily arrests the function of all the nerve cells of the 
affected segments. When the acute stage passes oflT, some 
of the cells have been absolutely destroyed, and the muscular 
fibres which they supply are permanently atrophied. Other 
nerve cells, which have been less seriously damaged, gradually 
recover, and the muscular fibres, which they innervate, regain 
bulk and power. 

As a matter of experience, we know that, in polio-viyelitis 
anterior acuta (tlie primary system disease of the anterior 
comu) the functions of the bladder and rectum are not 
affected, a fact wliich seems to show either that the centres 

I T>ie term * reaction of dof^neratinn * haa bcon (riven by Erbto certain quaiilO' 
rirv electrical alteration!, whicb are described on p. 112. 
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for the vesical and rectal reflexes are not situated in the 
anterior comua, or that the multipolar nerve cells in the 
lower segments, through which the vesical and rectal reflexes 
pass, are iminjured by the lesion. 

In fig. 55 1 have diagrammatically represented the efiects 
of aciUe destruction of the anterior cornua. 




Fio. 55. 

Dicuprammaiic reprtstrUation of iJie tymptoim which result J'rom (uute destruction of the 

anterior cornua of the spinal cord. 

On the left Bide the destruction of the nerve ci^lls is complete ; the anterior 
nerve roots, motor nerve fibres, and muscles, which they supply, are all de- 
generated; there is a total * block' to the passage of voluntary motor and 
reflex motor impulses. On the right side two-thirds of the motor cells are 
destroyed; two-thirds of the muscular area connected with the right anterior 
coruu are degenerated and atrophied ; one-tldrd (M) remains healthy, and can be 
made to contract by voluntary or reflex motor impulses. 

Clinical occurrence, — Acute destruction of the multipolar 
nerve cells of the anterior cornu often occurs as a primary 
system disease (the morbid process commencing in, and being 
confined to, the anterior cornu). It then constitutes the 
affection which is termed polio-myelitis anterior acuta (acute 
inflammation of the anterior grey matter), a disease which is 
common in children, and is usually termed 'infantile paralysis* 
but which is sometimes also seen in adults. 



THE SPINAL CORD. 



53 



Acute destruction of the anterior horn of grey matter may 
also be part and parcel of an indiscriminate lesion, as, for 
example, a transverse myelitis. In such cases the symptoms, 
which result from acute destnxction of the anterior comu, 
are present, together with the symptoms which result from 
destruction of the other tracts which happen to be affected. 

Chronic Affections of the Anterior Cornu. — In 
chronic affections of the anterior cornu, the multipolar nerve 
cells are picked out, as it were, one by one, and are gradually 
destroyed. 




Fio. 5G. 

JXafframMudic rtpresfntaiian i*ftht iymplom* which retult/rom tluw destrudiou of the 

multipolar nervt celis of the anterior cormu 

Oq the left ride the diaetflo is in an early stage. One nerve cell (<i') is com- 
plrtely destroyed. Its muscular fibre (!') is completely atrophied. Voluntary 
motor and reflex motor impulses are * blocked * at the seat of the lesion (a'). One 
oerre cell (6') and its muscular fibre 2' are very much atrophied, but feeble motor 
and reflex impulses can still pass through the cell tu the muscle. Two nerve 
oells e* e' are healthy. Their muscular fibrrs are of normal bulk, and can be 
iDade to contract either by voluntary or reflex impulses. 

On the right side the disease is much more advanced. The muscular area is 
tbreo^fonrths degenermted. There is a total * block * at a and a. This condition 
represents ft late stage of progressive muscular atrophy. The atrophy of the mus- 
cular fibres is represented as nmple. There is not the eamo fatty change as is 
abovn io figure oo. 
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The symptoms, which result from slow destruction of the 
multipolar nerve cells are as follows : — 

Positive symptoms. — (a) Slow and gradual atrophy of the 
muscular fibres to which the axis cylinder processes of the 
affected cells proceed. 

At first, there is no paralysis but only slight muscular 
weakness. As the disease progresses the muscular debility 
becomes more marked. In the final stages, i.e, when all the 
motor nerve cells of the segment are destroyed, there is, of 
course, complete paralysis of the muscular area of the affected 
segment. In the earlier stages, the degree of atrophy is 
directly proportionate to the number of motor nerve cells 
(i,e. of muscular fibres) which are affected. The ' reaction of 
degeneration,* for the reasons given above in speaking of par- 
tial acute destruction, is not typically developed. The reflexes 
are not abolished, for so long as healthy nerve cells remain, a 
path is still open for reflex impulses. 

(b) Negative symptoms. — The sensory functions of the 
segment are not interfered with. The motor, sensory, reflex, 
and other functions of all inferior segments are intact. 

In fig. 56 I have diagrammatically represented the effects 
of slow destruction of the motor nerve cells of the anterior 
cornu. 

Clinical occunrnce. — Slow destruction of the multipolar 
nerve cells of the anterior cornu occurs as a primary system 
disease (the morbid process commencing in, and being con- 
fined to, the anterior cornu), and then constitutes the affection 
which is termed progressive muscular airophy. The same 
morbid process also affects the motor nerve nuclei of the 
medulla, and constitutes the anatomical substratum of the 
affection called glosso-lahial or hvlhar paralysis. In the rare 
affection termed ophthalmoplegia externa, a similar lesion 
affects the nuclei of the third, fourth, and sixth nerves in 
the pons Varolii. 

Chronic destruction of the multipolar nerve cells of the 
anterior horn is occasionally met with as a secondary system 
lesion, as in those cases in which a sclerosis of the postero- 
external column, or of the crossed pyramidal tract, extends 
to the anterior cornu. In such cases the symptoms which I 
have just described as characteristic of slow destniction of 
the motor nerve cells of the anterior cornu, are added to the 
symptoms of the original affection. 
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Sl'b-acute destruction of the multipolar nerve cells 
also occurs as a secondary system lesion. The original lesion 
is a sub-acute inflammation of the crossed pyramidal tract 
in the lateral column. After a short time the morbid process 
extends to the anterior cornu. The segments of the cervical 
enlargement are first and most affected. This condition has 
been called by Professor Charcot, who was the first to direct 
attention to it, amyo-trophic lateral sclerosis. 



lesions of the crossed pyramidal tract in the lateral 

COLUMN. 

Lesions of the crossed pyramidal tract (see fig. 57) derange, 
interrupt, or destroy the conducting power of the nerve fibres 
of which it is composed. These fibres conduct to our segment, 
and to all the segments which are situated below it, voluntary 
motor and controlling reflex impulses. The exact nature 
of the symptoms, which result from a lesion of the crossed 
pyramidal tract, depends upon (a) the extent of the lesion, i.e. 
the number of nerve fibres which are affected by it ; (h) the 
manner in which the lesion afi'ects the nerve fibres ; and 
(e) the rapidity with which the morbid process is developed. 




Fio. 57. 

Truss v«rM section of tlie cord Rliowing a symmetrical lesion of the crossed 
pyramidal tracts. 8, 8' point to the position of the lesion in each lateral colnmn. 

Acute and complete destruction of the crossed pyramidal 

tracts in the lateral columns produces the foUowingsyinptoms: — 

(a) Paiitivc. — 1. Immediate pamlysis of the muscular areas 
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of the affected segment, and of all the segments which are 
situated below it. The loss of power is not total, for the 
muscular fibres supplied by the direct pyramidal tract of 
course escape. The paralysed muscles are at first flaccid, 
they do not undergo rapid atrophy. There is ' no reaction of 
degeneration.' 2. Increase of the reflexes passing through the 
affected segment, and through all the inferior segments, super- 
venes, and corresponds to the development of secondary de- 
scending degeneration, which of course occurs. 

(h) NegcUive symptoms, — The sensory functions of the 
cord are intact. The bladder and rectum are not seriously 
affected. 

Clinical occurrence. — ^Acute destruction of the crossed 
pyramidal tract only occurs in 'indiscriminate' lesions 
(myelitis, traumatic injuries, etc.). Other parte of the trans- 
verse section of the segment are usually implicated. The 
clinical picture is proportionately complicated. 

Chronic destmction of tlic crossed pyramidal tracts. — 
Where the morbid process is chronic, the conducting pro- 
perties of the crossed pyramidal tract are gradually inter- 
rupted; muscular weakness, stiffness, and rigidity slowly 
develop ; the reflexes are increased ; sensibility is intact ; the 
bladder and rectum are not affected. As the morbid process 
becomes more and more advanced, the muscular weakness 
and rigidity become greater. Towards the end the lesion may 
extend to the anterior comu. The rigidity then gives way; 
muscular atrophy develops ; diminution, and finally abolition 
of the reflexes occur. 

In cerebro-spinal sclerosis, and in some cases of slow 
compression of the cord, a remarkable rhythmical tremor, 
which only occurs on voluntary movement, is observed. It 
is supposed to be due to irregular transmission of nerve force 
through the fibres of the pjnramidal tract which are com- 
pressed by the lesion. 

Clinical occurrence. — Chronic destruction of the crossed 
pyramidal tract is occasionally though very rarely met with 
as a primary system lesion, and it constitutes the anatomical 
substratum of the affection which has been termed primary 
lateral sclerosis. The position of the lesion is shown in fig. 57. 

Chronic destruction of the crossed pyramidal tract fre- 
quently resulte from indi^crirninate lesions (chronic myelitis, 
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slow compression of the cord, cerebro-spinal sclerosis, etc.). 
In secondary desce-nding degenerations the fibres of the crossed 
pyramidal tract are, of course, gradually destroyed. 



LESIONS OF THE POSTERO-EXTERNAL COLUMN. 

The postero-extemal cohimn is in great part composed of 
posterior root-fibres passing to the grey matter. These fibres 
carry inwards impressions which result in the production of 
sensations and reflex movements (probably deep reflex move- 
ments, see page 35). The postero-extemal column probably 
also contains commissural fibres which connect the posterior 
comua of different segments. 

Clinical occurrence, — The most common lesion of the 
postero-extemal column is the primary system lesion which 
constitutes the anatomical substratum of the affection which 
is called locomotor ataxia. (See fig. 58.) 

AR 
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Fio. 58. 

Trans versa fection of the Bpioal cord, showing the position of the lesion in 
the csrly stage of locomotor ataxim, according to Pierret and Charcot ; according 
to StrOmpell the lesion chiefly occupies the middle and anterior parts of the 
posterior colnmo. 

The postero-extemal column may also be affected by chronic 
indiscriminate lesions, as, for example, cerebro-spinal sclerosis. 

Acute lesions of the postero-extemal column are always 
indiscriminate (myelitis, traumatic injuries, etc.). 
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The positive symptoms which resiUt from a chronic lesion of 
the postero-extemal columns are : — 

1. Lightning-like pains in the sensitive body area of the 
aflfected segment. These pains, which are highly characteristic 
of locomotor ataxia, probably depend upon irritation of the 
posterior root-fibres in the postero-external column. 

2. Loss of the deep reflexes. (See page 35.) 

3. Inco-ordination. — This symptom is probably due to 
several different causes : viz., {a) to the derangement in the 
reflex grouping of muscles which the arrest in the reflexes 
entails ; (J) to the fact that the ' guiding sensory sensations * 
which proceed from the periphery are arrested by the lesion, 
and that the impulses concerned in the production of the mus- 
cular sense are interfered with; (c) probably also in part 
to derangement of the commissural connections of different 
segments which pass through the postero-external columns. 

4 More or less anaesthesia and analgesia in the sensitive 
areas of the affected segments. 

5. Some derangement of the vesical and rectal mechanisms. 
(Often, but not always, present.) 

6. Trophic disturbances in the skin, such as herpetic and 
other eruptions. These conditions, which are sometimes, but 
by no means always, observed, probably depend upon impli- 
cation of the central grey matter.^ 

Negative sy^mtoms. — There is no paralysis; no muscular 
atrophy ; no qualitative electrical alterations. 

Lesions of the postero-external column cut off the trophic 
influence of the postorior root ganglia, and are therefore 
followed by secondary' ascending degeneration. 

Complications, — In chronic lesions of the postero-external 
column the posterior horn of grey matter is often affected. The 
morbid process occasionally extends to the anterior comu, or to 
the lateral column. Other symptoms then, of course, develop. 

^ This doscriptioD does not comprise all tlie symptoms of locomotor ataxia, 
but only those which result from the lesion of the postero-oxteiuai columns, Le. 
the tpinal portion of the lesion. Some of the most characteristic symptoms, as, for 
example, the eye symptoms, depend upon derangement of the parts supplied by 
cranial nerves. The disease is, in short, a cerobro-spinal affection. Trophic 
alterations in the bones are occasionally met with. The osseous lesions have not 
been referred to in the text, because, so far as is known, they do not result from 
the lesion of the postero-external columns. Professor Charcot, who first described 
them, thinks they depend upon implication of the motor nerve cells of the anterior 
comu. Dr Buzzard suggests that they are caused by a lebion of the medulla. 
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' INDISCRBIIXATE LESIONS.' 



Tlie great characteristic of an ' iudiscriminate ' lesion is, as 
I have already mentioned, that it is not, oj necessity, limited 
to any particular physiological tract, but may affect any part 
of the transverse section. Occasionally, but rarely an indis- 
criminate lesion is limited to a definite physiological tract; 
in cerebro-spinal sclerosis, for example, a patch of sclerosis 
may chance to be limited to the postero-external columns ; 
inco-ordinatfon in tlie lower extremities, identical with the 
inco-ordination of locomotor ataxia, might thus be produced ; 
the differential diagnosis could only be made by observing 
the mode of development of the symptoms, the associated 
nerve derangements, and the general features of the case. 

The vertical extent of indiscriminate lesions is, as a rule, 
small ; indeed the morbid process may be limited to a single 
segment. Many separate foci of disease may be scattered 
through the cord, but such cases do not constitute exceptions 
to the general mle, for the vertical extent of individual patches 
is usually limited. 

Indiscriminate lesions have no marked tendency to invade 
symmetrical parts of the two lateral halves of the transverse 
section. In some cases they are unilateral. 

Clinical occurrence. — The indiscriminate lesions which are 
primarily nervous are either acute or chronic. Myelitis is 
the best example of the former ; disseminated cerebro-spinal 
sclerosis is a good example of the latter. Other indiscriminate 
lesions are: — simple (non-inflammatory) softening; haemor- 
rhage into the substance of the cord ; and new formations in 
the substance of the cord (iVi^ra-medullary tumours). 

The symptoms produced by indiscriminate lesions. 

The effects of an indiscriminate lesion vary with the ex- 
tent and position of the lesion in the transverse section, and 
to some extent with the nature of the morbid process. Mye- 
litis, which is the most common and important indiscriminate 
lesion, and whicli may therefore be taken as an illustration of 
tlie whole group, produces destruction rather than irritation 
of the aflected parts. The inflammatory process may involve; 
(a) the whole transverse section of the segment; or (h) it may 
destroy one lateral half; (c) in other cases it affects portions, 
but not necessarily symmetrical portions of both halves; 



60 THE GENERAL PATHOLOGY OF 

(d) in others again it involves a portion only of one lateral 
lialf. I will now deacribe the symptoms which result from 
some of these types. 

TOTAL TRANSVERSE LESIONS. , 
The symptoms which result from aaiie destruction of llie 
lohole transverse section of one segment are diagrammatically 
represented in fig, 59, and are as follows ; — 
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1. Paralysis of the muscular area of the affected segment 
and of all the muscular areas which are situated below it. 

2. Rapid atrophy, the ' reaction of degeneration/ and com- 
plete absence of all reflex movements in the muscular area of 
the afTected segment. 

3. The trophic condition and electrical reactions of the 
muscles, supplied by segments below the lesion, are normal. 
The reflexes passing through the inferior segments are exag- 
gerated. With the occurrence of secondary descending dege- 
neration, the paralysed muscles, supplied by inferior segments, 
become tense and rigid. 

4. The common and special sensibility (muscular sense) of 
the paralysed muscles is diminished or abolished. 

5. Complete anaesthesia of the sensitive area of the 
affected segment, and of the sensitive areas of all the segments 
which are situated below it. 

6. A narrow band of hjrperaesthesia at the upper level of 



DB6CUIFTI0N OP Fio. 69. 
Diagrammatic rfprttenUition of the fffecU of an acytf total tnaurerse lenrm of 

tlte Spinal Cord, 
I. The Hegment which is destroyed by the lesion ; II. A segment of the cord 
below the ienon ; B, the right, and W the left cerebral hemispheres ; If 1, 1, motor 
centrM in the right cerebral hemisphere from which the motor tract proceeds to the 
muscles M and M* on the left side of the body. — For the sake of clearness, the direct 
pyramidal tracts have been omitted — 2, 2, 2, motor centres in the left cerebral hemis- 
pliere from which the motor tract proceeds to the muscles M> and M* on the rightside 
of the body; 3, 3, 3, sensory centres in the right cerebral hemisphere to which the 
■eosory tract proceeds from 8, T, and S^, T^ the sensory areas on the left side of the 
body; 4, 4, 4, sensory centres in the left cerebral hemisphere to which the sensory 
tract proceeds from S', T ' and S', T', the sensory areas on the right side of the body. 
Motor impulses passing downwards through 1 and 2 are arrested at the seat of 
tha lesion. The muscles M and M' supplied by the ditieased segment are in a 
state of acute atrophy. The muscles M^and M' supplied by segment II. retain 
their normal bulk. Reflex impuldes cannot pass through the diseased segment. 
Reflex impulses passing through segment II. are exaggerated, for the reflex arc 
is perfect, and the lateral columns above this segment are degenerated. Sensory 
impressions passing from all the parts below the lesion are arrested in the diseased 
segment Secondary descending degeneration of the crossed and direct pyramidal 
tracts below the lesion, is indicated by the dotted lines and is shown in segment II. 
Secondary ascending degeneration above the lesion is indicated by the dotted 
continuations of the sensory tracts and is shown at a, a in fig. A. For the sake of 
clearness, secondary ascending degeneration of the direct cerebellar tracts is not 
shown In tlie large figure; it is, however, seen (6, 6) in fig. A. 

Note to Figs. 69 and 61. 
In these figures (1) a total sensory decussation in the cord is shown, and 
(2) the sensory fibres are made to pass up the pontero-iuternal column. As re- 
gards these points see page 80. 
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the lesion. This narrow band of hypersesthesia is supposed to 
be due to irritation of the sensory nerve fibres at the upper 
level of the lesion. When the lesion is situated in tlie dorsal 
region of the cord, the band of hyperajsthesia extends round 
the trunk in the form of a belt. The patient feels as if a 
tight baud were drawn round his body. The term, 'girdle 
sensation,' has been given to this symptom. 

When the lesion involves the lumbar or cervical 
segments, the band of hypertesthesia is not circular, but is 
distributed more or less longitudinally over the limbs in 
accordance with the particular segment wliich happens to be 
affected. The distribution of the hypertesthesia, in such cases, 
will W readily understood, by referring to the sensory func- 
tions of individual segments (see page 147). In fig. 60 I have 
diagrammatically represented the skin symptoms which result 
from a total transverse lesion. 




leiimi -/ill '/••Tsal , 
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7. There is vaso-motor paralysis below the lesion. Second- 
ary descending degeneration of the pyramidal tracts (crossed 
and direct) below the lesion, and secondary ascending de- 
generation of the postero-internal columns and of the direct 
cerebellar tracts above the lesion, are gradually established. 

8. Trophic disturbances in the skin of the sensitive area 
of the segment sometimes occur. 

9. The functions of the bladder and rectum are often 
seriously deranged. The exact character of the vesical and 
rectal derangement depends upon the segment which happens 
to be affected. If the lower portion of the cord, in which the 
vesical and rectal reflex centres are situated, is destroyed, 
paralysis of the sphincters, ammoniacal urine, cystitis, etc., 
are developed. The urinary disturbances will afterwards be 
more minutely considered (see page 133). 

Where the lesion is above the lumbar region, especially 
when the upper dorsal or cervical segments are involved, 
priapism may occur. This condition is probably due to irrita- 
tion of ' excitor ' fibres which pass from the cerebrum to the 
sexual reflex centre. 

Lesions of the upper cervical region are sometimes attended 
with hyper-pyrexia. 

Tlie symptoms prothiced by a chronic transverse lesion 
will be referred to in speaking of the effect of slow compres- 
sion of the cord (see page 69). 

UNILATERAL LESIONS. 

The more important symptoms which foUow acute de- 
sirurtion of one-lialf of a segment of the spinal cord are 
diagrammatically represented in fig. 61, and are as follows : — 

1. Paralysis of the muscular area supplied by the anterior 
root arising from the affected half segment ; and of all the 
muscular areas on the same side of the body which are 
situated below it. 

2. The paralysed muscles supplied by the affected half 
segment are flaccid ; they undergo rapid atrophy, and pre- 
sent tlie * reaction of degeneration.' 

3. The paralysed muscles supplied by half segments below 
the lesion do not undergo rapid atrophy. With the occur- 
rence of secondary descending degeneration they become 
tense and rigid. 
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4. Theoretically wo should expect to find the reflexed 
passing through the affected half segment, abolished ; and the 
reflexes, passing through the inferior half aegmenta on the aame 
side of the body, increased. But the exact condition of the 
reflexea in unilateral lesions has not yet been sufficiently 
investigated to allow any very positive statement to be made. 

5. The common and special sensibility (muscular sense) of 
the paralysed muscles is diminished or abolished. 

6. There is vaso-motor paralysis below the lesion on the 
same side. 

7. Aneesthesia of the sensitive area of the affected seg- 
ment. The aniesthesia is bilateral; for the sensory fibres, 

&^3„ 
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which enter by the posterior nerve root of the affected side, 
are 'cut' before their decussation, and the sensory fibres, 
which enter the segment by the posterior root of the opposite 
side, are * cut ' after they have decussated. When the lesion 
is situated in the dorsal region, the band of anaesthesia is 
circular (see fig. 62) ; where the cervical or lumbar segments 
are involved, it is, for the reasons already given in speaking 
of total transverse lesions, more or less longitudinal. 

8. Anaesthesia of the sensitive areas of all inferior half 
s^ments on the opposite side of the body. 

9. Hypersesthesia of the sensitive areas of all inferior 
segments on the same side of the body. The exact cause of 
the hyperaesthesia is not known. 

10. A narrow band of hyperaesthesia corresponding to the 
upper level of the lesion on the same side of the body is usually 
described. It is supposed to be caused by irritation of the sen- 
sory fibres which enter the cord at the upper level of the lesion. 

Dkbcoiptiok of Fig. 61. 

iilagroKmalie reprtimtatiom o/the effecU of an acute unilaUral traturersf letion of 

Ike Spinal Cord. 

I. A aegment of the spiual cord, the right half of which is destroyed by the 
leaon ; 1 1, a MgmeDt of the spinal cord below the lesion ; 1 , motor tract proceeding 
from the right hemisphere of the brain B, to the muscles M, and H', on the left side 
of the body (for the sake of clearness the direct pyramidal tracts have been omitted); 
2. motor tract prooeediog from the left hemisphere of the brain B', to the muscles 
M> and M*. on the right side of the body ; 8, the sensory tract proceeding to the right 
hemisphere of the brsin from S, T, and from 8', T', the sensitive areas on the left 
aide of the body ; 4, the sensory tract proceeding to the left hemisphere of the brsiu 
from 8', T\ and from S', T', the sensitive areas on the right side of the body. 

Motor impnlsetf, passing from the left hemisphere of the brain along 2, are 
arrested at the seat of the lesion. There is, therefore, paralysis of the muscular 
area* W and M*. The motor tract below 2' is degenerated. Tlie muscular area 
If 1 is acutely atrophied. Beflex impulses, passing frdm 6\ T' to M*, are abolished. 
The paralysed muscles M* below the lesion are not atrophied. Beflexei», passing 
from 8* and T* to H*, are exaggerated, for the reflex sro which passes through 
segmrat II. is intact, and the lateral column above segment 1 1, is degenerated ; the 
degsoeration of the motor tract below 2' is indicated by a dotted line,and is seen in 
asgOMvnt II. Sensory impressions from the sensitive areas, below the lesion, and on 
th0 oppoaita side of the body, 8' T', are arrested at the seat of the lesion. Sensory 
impreasioins from 8, T, and 8', T', the sensitive area of the affected segment on 
both irides of the body, are also * blocked ' by the leition. The main sensory tract 
proeeeding to the right hemisphere of the brain is degenerated above the lesion as 
pbaVB in flg. A. The arrows indicate the course of the nerve currents. 

E 
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The band of hypereesthesia is circularvhen theleaion is situated 
in the dorsal region (see fig. 62); where the cervical or lumbar 
segments are involved, it la, for the reasons given in speaking 
of total transverse lesions, more or less longitudinEd. The 
character and distribution of the sensory disturbance in a 
unilateral lesion are well shown in fig. 62, which is copied 
from Erb. 




Diagrammntic rtpretemtatim of the tKn tipnplomt in on imilatiral (man of tit donal 
portion of tiKSpiitat Cord on the trfliidr. {AJUr Ert.} 
The diagoiiiil abadiug BignifleB motor ud vaso-motor paralyeia ; the nrti'nl 
shading xigniHeB uiBDBtbe«ft ol HieBkin; the dotted Bliading indicntea hj^ras- 
theaia of the Bhin ; c, baad of hypenestbeBia nn the left side of tbs body at tha 
upper level of tbe lesion; t, band of aDnetbeBikoii the left aida of the body <»rT»- 
BpoodiuB to the vertical eiteat of the leiiinn ; a, bypernBtheala belav the lenl of 
(helesioD; (J,aDteBtlieBla, inthc parla below the level of the leaion od Iheoppoaila 
(rigbt) aide of tbo body. 
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11. Derangements of the vesical and rectal reflexes may 
occur. Trophic disturbances in the ski^i of the sensitive area 
of the affected half segment will occasionally be observed. 

Secondary descending degeneration of the pyramidal 
tracts (crossed and direct) on the same side below the lesion, 
and secondary ascending degeneration of the postero-intemal 
column, and of the direct cerebellar tract on the same side 
above the lesion, will of course follow. 

The fibres of the posterior root which enter the affected 
half segment and their upward prolongations in the opposite 
postero-internal column will also degenerate ; but the fibres, 
entering by any one posterior root, form such a small pro- 
portion of the whole sensory tract that this ascending de- 
generation on the opposite side to the lesion is not perceptible. 

Partial (non-system) lesions of one or both halves 
OF the segment. — In cases of partial destruction, the 
symptoms, of course, vary with the part of the transverse sec- 
tion which happens to be affected. After the full details already 
given as to the effects of lesions of the different tracts, it is 
unnecessary to indicate all the possible effects of indiscriminate 
lesions of this description. I should however say that there 
is a well-marked type of myelitis, in which the inflammatory 
process affects the central grey matter, which must not be 
confounded with the system disease (acute inflammation of 
the anterior horn of grey matter). In acute central myelitis 
the anterior horns are, it is true, usually involved, — and this 
seems to be particularly the case where the lesion affects the 
lumbar enlargement, — ^but the central grey matter and the 
posterior comua are affected too. There are, in consequence, 
well marked sensory disturbances. The bladder and rectum 
are usually profoundly affected, for the lesion generally involves 
the segments through which the vesical and rectal reflexes pass. 
There is often some trophic alteration in the skin to which the 
posterior nerve roots of the affected segments are distributed. 

EXTUA-MEDULLARY LESIONS. 

I have now fully described the sjrmptoms which result 
from lesions of the different parts of the spinal segment. 
So far, I have been speaking of the cases in which the 
morbid process originated in the cord itself. I shall next 
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consider the second great group of cases, viz., those in which 
the lesion commences outside the spinal cord, and in which 
the derangement of the cord is a secondary, and, as it were, 
an accidental process. The chief affections comprised in this 
group are: (a) spinal meningitis; (b) Pott's disease of the 
vertebrae; (c) tumours in the spinal canal springing from 
the bones, membranes, or nerve roots ; (d) traumatic injuries, 
such as fractures or dislocations of the vertebrae, wounds of 
the spinal cord; and (e) haemorrhage into the spinal canaL 
The clinical picture which these cases present is generally 
a complicated one, for it is composed partly of symptoms due 
to the primary morbid condition (the disease of the vertebrae, 
membranes, etc.), and partly of symptoms which result from 
derangement of the spinal functions. It is only by keeping 
in view this double composition, so to speak, of the sjrmptoms, 
and by clearly understanding the manner in which these 
lesions affect the nervous structures, that it is possible to 
comprehend these cases intelligently. 

The spinal symptoms which are mst with in extra-m^ul^ 
lary lesions may be due to: (1) pressure upon the cord; 
(2) pressure upon the nerve roots; (3) extension of the 
primary morbid process (inflammation, for example, in the 
case of meningitis) to the cord or nerve roots respectively.^ 

The symptoms which result from inflammation of the 
different parts of the spinal segment have been already so 
fully detailed, that I need add nothing to that description 
further than to say, that the inflammatory process may be 
either acute or chronic; that in some cases it involves the 
whole thickness of the cord, while, in others, it is the peri- 
pheral layer which is chiefly affected. I must, however, 
particularly direct attention to the effects of compression of 
the cord, roots, and membranes. 

Speaking generally, the effects of pressure on nervous 
tissue vary with the function of the affected part ; the severity 
of the pressure ; and the rapidity with which it is exercised. 
Kapid pressure usually produces acute destruction, or acute 
inflammation, quickly passing on to destruction of tissue. 

I The pain which results from irritation of the sensory nerve filaments in the 
periosteum and membranes is, of course, a nervous phenomenon, but it Is usually 
the ^reci result of the primary morbid condition (disease of the bones, membranes, 
etc.), and hence has not been included under the nervous symptoms which are due 
to extension of the morbid process, and to pressure. 
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Slow pressure is attended by gradual interruption of function, 
chronic inflammation, or atrophy of the compressed part. 

RAPID COMPRESSION OF THE SPINAL CORD. 

This condition usually results from fractures or dislocations 
of the vertebrae. The effects of rapid compression of a seg- 
ment of the spinal cord by a displaced vertebra would be 
immediate interruption of its function, both as a conducting 
medium and a spinal centre. Acute inflammation, rapidly 
passing into destruction of its tissue, would speedily follow. 
The symptoms would, therefore, be those of an acute trans- 
verse myelitis. Death very generally follows. 

In addition, the compression would probably also involve 
the nerve roots arising from the segment, and the adjacent 
portions of the membranes. Other symptoms might conse- 
quently result, to which I will presently refer. 

SLOW COMPRESSION OF THE SPINAL CORD. 

This is a common condition ; it may result from the pres- 
sure of diseased bones, inflammatory products, or thickened 
membranes, as in Pott's disease and the various forms of 
meningitis; or, it may be due to the pressure of cancerous 
or other tumours. Slow compression of a segment of the 
spinal cord causes gradual interruption of its functions, both 
as a conducting medium and as a spinal centre. Motor 
conduction is first impaired ; sensory conduction is affected 
later; chronic inflammation, and slow destruction of the 
segment, gradually supervene; secondary ascending and 
descending degenerations follow. 

The gifntptoms, therefore^ which result from slow compression 
of the cord itself SLve : 

1. Motor weakness in the muscular area of the compressed 
segment, and of all segments which are situated below it. As 
the compression increases, the muscular weakness becomes 
greater, and complete paralysis may be finally developed. As 
a matter of experience, we know that the motor weakness is 
usually more marked in the muscular areas of the compressed 
segment and of the segments which are situated immediately 
below it, than in the muscular areas of segments far removed 
from the seat of lesion. When, for example, the cervical 
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' eiilar<;emeiit is compressed, as in cases of hypertropliic cervical 
paehy-meningitis (see fig. 63), the loss of power ia much more 
marked in the upper than in the lower extremities. The 
explanation is supposed to be that the motor fibres which are 
about to leave the cord are more superficially placed, and 
hence are more seriously affected by the pressure tlian those 
destined for distant segments. The nutrition of the weakened 
or paralysed muscles is not much affected;* there is no reaction 
of degeneration ; increase of the reflexes below the seat of the 
compression occurs ; the legs are often rigid; in short the con- 
dition of spastic paraplegia is present 




Flo. 68. — TVniuprrH itttiun of At etrnad nhrgnMnf xtflla ipiimt eord ■■ a nw 
of llgprrtnfhK Ctrcical Padif-iiiautiigilU. {AJttr Jofrof.) 
A, Ilfpertrapfaied dun miler. P, Nerve roota IrsTeraJtig the tbick«Ded 
mpDinges. 0, Pia rmler confounded vith the dun mater. £, BectJOD of two 
ranulB Devi; eicavaled la tlie gre; aubstanoe. 

2. Anaesthesia of the sensitive areas of the compressed 
segment and of the segments which are inferior to it. As I 
have previously remarked, tlie anaesthesia is usually developed 
later than the paralysis. 

3. As the sejniient becomes more and more compressed, 
its tissues become disorganised, and chronic inflammatory 
changes are developed. Its muscular area becomes atrophied, 
and its reflexes are gradually abolished. 

Secondary ascending and descending degenerations follow. 
Compression of special part« or segments of the spinal 

' The moaelea aupplied by rapidly conipresBod anterior root* will undergo 
rapid atrophy, and will present the 'rnctioD of drgentratiuu.' (So* page IIS.) 
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cord may, of course, give rise to otjier symptoms in accordance 
with the special functions of the compressed segment ; when, 
for instance, the lower part of the lumbar enlargement is 
affected, derangements of the bladder and rectum woidd pi-o- 
bably be present ; when again the upper part of the cervical 
region is compressed priapism, hyperpyrexia, or paralysis of 
the diaphragm might be observed. 

But, in addition to the symptoms which result from com- 
pression of the cord itself, others, due to pressure on the nerve 
roots and the associated affections of the spinal membranes, 
are almost always present. These symptoms are of great 
diagnostic value, and it is important to remember that they 
are usually developed before the symptoms, which result from 
the compression of the cord itself, have become prominent 

The symptoms which result from compression of the nerve 
roots are as follows : — 

Symptoms due to pressure on the posterior nerve roots. — 
When a posterior nerve root is compressed, the passage of 
peripheral impressions, from the region of the body to which 
its fibres are distributed, is interrupted ; and anaesthesia in 
the sensitive area, and diminution or abolition of the reflex 
movements in the muscular area of the segment to which it 
is attached, occur. 

When the pressure is incomplete, and when irritation of 
the compressed fibres is produced — conditions which usually 
obtain in the early stages of the case — hyperoesthesia, or a 
combined condition of hypersesthesia and partial anaesthesia 
are usually obser\'ed. 

Severe pressure may not only arrest conduction througli 
the posterior roots, but may also produce irritation of their 
component fibres. Now, irritation of a sensory nerve causes 
stimulation of the sensoiy perceptive cerebral centre to which 
it proceeds, and the impression thus generated is referred by 
the mind, in accordance with the law of ' eccentric projec- 
tion,' to that portion of the periphery to which the termina- 
tions of the irritated nerve are distributed ; in other words, 
to that part of the body from which the sensory impres- 
sions, which normally pass through the affected nerve, pro- 
ceed. Hence it is, that compression of the posterior roots 
of our segment may not only cause anaesthesia of its sensi- 
tive area, but may also produce painful sensations in the 
anaesthetic parts. Tlie pains are usually of a sharp shooting 
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character. This condition of combined anaesthesia and pain, 
to which the term ' atujedhesia dolorosa ' has been given, is of 
considerable diagnostic value, for it shows that the lesion is 
situated outside the grey matter of the spinal cord. 'Anaesthesia 
dolorosa ' may result from irritation of the posterior root-fibres 
in the postero-extemal column, and it is in fact frequently 
met with in locomotor ataxia ; or, it may be due to pressure 
on the posterior roots, or sensory nerve trunks. Hence its 
value as a localising symptom in the cases we are now 
considering. 

Irritation of the posterior roots may also produce reflex 
muscular contraction (spasms, etc.), in the muscular area of 
the segment. This is probably, in part at least, the cause of 
the jerkings, spasms, and contractures, which occur in cases 
of spinal meningitis. 

Symptoms due to compression of the arUerior roots, — ^When 
an anterior nerve root is compressed, diminution or total 
loss of motor power (paralysis) in the muscular area of the 
segment to which it is attached, occurs. Where the motor 
fibres are irritated, twitchings, spasms, and contractures may 
occur. This is another cause of the muscular spasms and 
contractures which are so characteristic of spinal meningitis. 
When the compression is sufficiently great to shut off the 
trophic influence of the multipolar nerve cells of the anterior 
comua, marked atrophy of the paralysed muscles is present. 
When the compression is quickly established the atrophy 
may be rapid, and the ' reaction of degeneration ' will then 
be observed. When the . motor conduction is completely 
arrested, the reflexes in the muscular area of the segment are 
abolished ; in minor degrees of compression the reflexes may 
be retained. 

Symptoms which result from pressure on the spinal 
membranes. — The spinal membranes, more particularly the 
dura and pia, are richly supplied with sensory nerves. Com- 
pression of the membranes is, therefore, in most cases at- 
tended with pain, which is referred to the region of the 
spinal column. Where the compressed membranes are in- 
flamed the pain is proportionately greater. The pain of 
meningitis is usuaUy increased on movement of the spinal 
column. 

The pathological histology of spinal lesjons will be more 
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appropriately considered when the special pathology of the 
individual diseases is treated of (see chapter IV.), but before 
leaving the general pathology of the spinal cord, it will 
perhaps be well to say a word or two regarding its congenital 
malformations. 

T/ic Congenital Malformations of the Spinal Cord, 

It is unnecessary to refer in detail to ancephalic and 
other monstrosities in which the spinal cord has been found 
absent, imperfectly developed, double, or otherwise mis- 
shaped. Cases of this description are of no practical import- 
ance, since the malformations of the central nervous system and 
other organs are too great to permit of extra-uterine existence. 
Lesser degrees of malformation of the spinal cord are not 
very uncommon; in many cases they are unattended with 
symptoms during life, and are only recognised accidentally on 
post-mortem (microscopical) examination. 

The most common and important congenital malformation, 
which is compatible with extra-uterine existence, is the 
ordinary spina bifida. In this condition a cleft or fissure 
exists in the posterior surface of the bony wall of the spinal 
canal, through whiqh a cystic tumour, which varies greatly 
in size in different cases, projects and forms a fluctuating sub- 
cutaneous tumour. The tumour usually projects in the sacral 
or lumbar regions ; the walls of the cyst are usually formed of 
the dura and arachnoid, and the cyst is, as it were, a localised 
dilatation of the sub-arachnoid space. In other cases, the 
pia mater is found in the wall of the sac ; in such cases the 
cyst may communicate with the central canal of the spinal 
cord, which is then usually much dilated. In many cases of 
spina bifida, the cord itself is normal ; in others, it is flattened 
and compressed ; in others again, as has been just mentioned, 
its centnd canal is dilated, and its structure altered in con- 
sequence of the dilatation of the central canal and the pressure 
to which it is subjected. 

The remaining malformations of the spinal cord may be 
divided into (1) alterations of the grey matter; (2) alterations 
of the white columns, and (3) alterations of the central canal. 

Alterations of the grey matter. — In some cases in which 
one or other of the limbs is congenitally absent or imperfectly 
developed, the grey substance in the half segments to which 
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the nerves from the deficiently developed parts are attached, 
is shrunken. 

In some cases a portion of the grey matter is detached 
from the rest (see figs. 64, 65, 66, and 67), the exact signifi- 
cance of alterations of this description is doubtful 

Alterations in the white columns. — In those cases in which 
the grey matter is misshapen the white columns are of 
course variously modified. (See figs. 64, 65, 66, and 67.) In 
other cases in which the central grey substance is normal, the 
white columns may be misshapen. (See fig. 68.) 

Alterations in the central canal, — ^Dilatation of the central 
canal, more especially in the lumbar region, is not at all 
uncommon. The minor degrees do not seem to be of any 
practical importance, but in those exceptional cases in which 
the dilatation is great and the cord structure displaced and 
disorganised, the malformation is more serious. In some 
cases of this description, as has been mentioned above, the 
dilated central canal comes to the surface of the cord and 
communicates with the sub-arachnoid. 

Double central canal, — This condition is not very un- 
common. In the case represented in fig. 69, the double 
central canal is surrounded by a thick zone of connective 
tissue corpuscles ; in fact, so far as I , have been able to 
ascertain, the division of the canal in that case seems to have 
been due to the encroachment of this connective tissue 
growth. This division of the central canal is interesting, for 
it seems to be closely allied to those cases of syringomyelia, or 
cavity within the cord, which have been more particularly 
described by Leyden, Westphall, and others. 

In cases of syringomyelia, a cavity, which is sometimes of 
considerable size, and which is generally surrounded by a 
dense mass of spindle cells, neuroglia-like or myxomatous 
tissue, is found within the spinal cord, almost always in the 
posterior white columns or adjacent parts of the grey matter. 
(See figs. 70 and 71.) In some cases the wall of the cavity 
contains an epithelial lining, and there seems to be little 
doubt, as Westphall now concludes, that the condition is 
generally due to dilatation and malformation arising in and 
around the central canal. 




Fio. 64. Trannerte tteUoH through the upper part of the cervical region of the spinal 
C9rdf showing a me^formation of the grtj/ matter. ( x about 10 diametert.) 

a, a, Aolflrior horns of grey inAtt«r ; 6, deUched portion of grey matter lying between 
the Anterior coran and containing nerve celJa ; c membranes. There is uo anterior 
median Aeeare. 
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CHAPTER III. 

METHOD OF CASE- TAKING — SUMMARY OF SYMPTOMS MET 
WITH IN DISEASES OF THE SPINAL CORD— THE CLINICAL 
EXAMINATION OF A CASE OF SPINAL CORD DISEASE — 
GENERAL PLAN OF THE DIAGNOSIS — GENERAL PLAN OF 
THE PROGNOSIS — GENERAL PLAN OF THE TREATMENT. 

I HAVE now described the leading facts in the general pathology 
of the spinal segment, and have pointed out the alterations 
in function which result from lesions of its different parts. 
I will next sketch out the ' method of case-taking ' and the 
' plan of examination ' which I am in the habit of following 
in the clinical investigation of cases of spinal cord disease ; 
and tliis will afford a convenient opportunity for summarising 
the symptoms which occur in this group of cases. 

But first, I must insist upon the great importance of 
system and method in clinical examination. A methodical 
plan of case-taking greatly facilitates the examination of any 
organ, but it is especially important in the case of the spinal 
cord, the functions of which are so numerous and so compli- 
cated. Indeed, the difSculties which students experience in 
investigating the afTections of the spinal cord, at the bedside, 
are in great part due to the fact, that they enter upon the ex- 
amination of the case without any well-considered and definite 
plan of study. 

Various methods of 'case-taking' are in use, and all of 
them have some advantages. I do not pretend to claim that 
the following plan is better than the rest, but I can at least 
say, that it is simple and systematic, and that I have found 
it work well in practice.* 

> A methodical plan of caiie-Ukinf? in, of cotime, esseotlnl for scientific pnrpowB, 
and it would be moat advautageous if pbybiciana could agree upon a uniform 
ayatcm. 
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METHOD OF CASE-TAKING. 

A. PRELIMINARY FACTS:— Name— Age— Sex— Married or 
Single — Occupation — Full Postal Address — Date of Admission to 
Hospital. 

B. COMPLAINTS (The Symptoms which bring the patient 
to consult the physician. ) 

O. THE HISTORY:— 

(1.) Of the Present Illness : — ^Thc exact date of its commence- 
ment. The exact mode of commencement. The supposed cause of the 
attack. The exact character of the symptoms; the order of their 
appearance ; and the treatment which has been adopted, up to the time 
when the patient comes under observation. (In acute cases it is con- 
venient at this stage of the examination to take the temperature.) 

(2.) The Health History prior to the commencement of 
the present attack :— Especially a history of disease or injury likely 
to be followed by disease of the spinal cord. The habits, mode of life, 
and general surroundings of the patient. 

(3.) The Family History :— Especially the occurrence of nervous 
affections amongst near relatives. 

D. THE PRESENT CONDITION. (The date at which the 
examination is made should be stated ) 

(1.) The Physiocrnomy of the Case :— The description of any 
striking abnormal appearances. The facial expression. The attitude. 
The gait. The general state of nutrition, etc. 
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(2.) The Olinical Examination of the Spinal Oord. 
Motor Functions: The coudition of the muscles supplied by the 
different spinal nerves (muscular areas of the different segments) witli 
respect to : — 

1. Voluntary motor power. 

2. State of nutrition. 

3. Irritability. (Faradic, galvanic and mechanical.) 

4. Tonicity. 

5. Reflex movements. (Superficial, deep, and organic.) 

6. Co-ordination and the muscular sense. 

Sensory Functions: The condition of the sensory areas of different 
segments, with respect to : — 

1. Subjective sensations (pain, numbness, tingling, fonnication, 

heat, cold, etc.). Their exact character and distribution. 

2. Objective sensations (sensibility to touch, pain, and tempera - 

tore is to be tested separately). 
The Vcuo-motor and Trophic Condition of the Skin and Joints, 
The Condition of the Spinal Column : — Its conformation, the presence 
of irregularities or curvatures. The presence or absence of pain on 
percussion or movement of the vertebrs. (The hot sponge test.) 

(8.) The Oondition of the other parts of the Nervoua 
System. 

(4.) The Oondition of the Alimentary, Oiroulatory, 
Respiratory, Gtonito-urinary, and Inteffumentary Systems. 

B. THB DIAGNOSIS 

F. THB PROGNOSIS 

G. THB TRBATMBNT :— Hygienic, dietetic, medicinal (general 
and local). 

H. THB SUBSBQUBNT COURSB OF BVBNTS:- 
The progress of the case during the patient's stay in hospital. The 
mode of termination. The date of termination, in fatal cases the re- 
cord of the post-mortem examination, and an account of the micro- 
scopical appearances of the spioal cord. 
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SUMMARY OF THE CHIEF SYMPTOMS. 
PRELIMINARY FAOTa 

Age. — Disease of the spinal cord may occur at any period 
of life, but some affections are much more common at one 
period than at another. 

Childhood, — ^Acute inflammation of the anterior comu 
(Polio-myelitis anterior cumta) is very common in children 
(the period of greatest frequency being between the ages of 
one and four) ; and is almost confined to early life. Inflavi" 
maiory affections of the membranes, especially the tubercular 
form, are most frequently observed in children. Amongst 
the rarer diseases of the cord, rejlex paraplegia is usually seen 
in young subjects. A peculiar form of spastic paralysis, of 
which I have seen several examples, occurs in young children, 
and appears to be congenital A very rare, congenital form 
of locoTnotor ata^xia has been described by Friedreich. Dis- 
seminated sclerosis is occasionally met with. 

Youth and Early Advlt Life, — Organic affections of the 
cord itself are not so frequent during youth as during the 
earlier and later periods of life. Compression of the cord, the 
result of Pott's disease of the vertebrae, is most common at 
this period. Hysterical paraplegia, and * spinal irritation^ 
occur in females. The functional derangements, which have 
been classed under the term ' spinal nervous weakness' are met 
with amongst young males. Meningitis and myelitis are rela- 
tively common. Cerebro-spinal sclerosis usually commences 
between the ages of twenty and thirty. 

Adult Life. — This is pre-eminently the age for the chronic 
organic affections of the cord. Locomotor ataxia occurs most 
frequently between the ages of twenty-five and forty-five. 
Progressive muscular atrophy is now I'elatively most common. 
Myelitis is also frequent. Meningitis is not uncommon. Of 
the rarer affections, primary later a/ sclerosis occurs between the 
ages of thirty and fifty ; amyotrophic lateral sclerosis between 
thirty and forty-five ; the very rare disease, acute ascending 
paralysis (Landry's paralysis), between twenty and forty; 
polio-myelitis anterior chronica between twenty and fifty. 
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Sex. — Speaking generally, it may be stated that males 
suffer more frequently from diseases of the spinal cord than 
females. The greater liability of the male is partly due to 
the fact that he is more exposed to all sorts of injurious 
external influences, such as injuries, cold, syphilis, etc. 
Locomotor ataxia, and Progressive musciUar atrophy, occur 
much moi'e frequently in men than in women. Hysterical 
paraplegia and ' spinal irritation * are veiy much more com- 
mon in females. Functional derangements classed under 
the term * spinal nervous weakness * and reflex paraplegia are 
more common in males. The congenital form of locomotor 
ataxia seems to occur, at least, as frequently in girls as in 
boys. 

Occupation. — The occupation of the patient is not a 
factor of much importance in the production of cord diseases. • 
There are, however, one or two notable exceptions to this 
general rule. Divers and others who work under very great 
atmospheric pressure are apt to suffer from paraplegia. Cer- 
tain forms of progressive muscular atrophy seem to occur in 
persons who follow particular trades, and to be due to the 
over-use and consequent exhaustion of certain muscles. Lead 
impr^;nation seems also to produce a general form of mus- 
cukr atrophy. The ordinary form of lead paralysis {vnist 
drop) which occurs in persons who work in lead is well-known. 
Those who are exposed to injurious external influences ai'e 
more liable to suffer from meningitis and myelitis than the 
well-protected. Fott's disease is most common in the ill-fed 
and badly-clothed. Hysterical paraplegia, and all forms of 
fiinctionul derangement are more frequent amongst women 
who lead indolent and luxurious lives than amongst the 
labouring classes. 



COMPLAINTS. 

Most patients, who come to a physician, knowing that 
they are suffering from spinal cord disease, complain of some 
form of motor derangement (weakness, paralysis, unsteadiness 
of gait, stiffness, etc.). Patients with commencing locomotor 
ataxia complain of rheumatism and neuralgia ; or, they con- 
sult an oculist on accoimt of diplopia, squint, dimness of 
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vision, etc. In cases of slow compression of the cord, and of 
cfironic meningitis, pain in the back, or in the course of 
certain nerves, is usually the prominent symptom. In cases 
of myelitis, difficulty in micturition may be the first symptom, 
but is usually soon associated with loss of voluntary motor 
power. In 'spinal irritation* pain and tenderness over the 
spinal column are the chief complaints. Males sufTering 
from ' spinal exhaustion * often complain of ill-defined pains 
in the back and limbs, or of some derangement of the 
sexual functions (weakness, irritability^ impotence, and the 
like). 

THB HISTORY OF THB OASB. 

History of the Present Hlnesa. — By ascertaining the 
exact date at which the illness commenced we at once deter- 
mine whether the case is acute or chronic, a fact which 
may be of considerable diagnostic value. Two patients, for 
example, present the symptoms of commencing progressive 
muscular atrophy, viz., atrophy of the interossei and thenar 
muscles. In the one case, the atrophy is of some duration, 
in the other, it is of recent origin. The former is probably a 
typical case of progressive muscular atrophy ; the rapid pro- 
gress of the latter is suggestive of local disease of the ulnar 
nerve, and should lead to the examination of the parts about 
the elbow. If again the atrophy had appeared years ago and 
had not advanced, the idea of progressive muscular atrophy 
would be negatived. 

Haemorrhage into the cord and some traumatic injuries, 
such as fractures, dislocations of the spine, or wounds of the 
cord, are attended with immediate symptoms. In cases of 
hysterical paraplegia the onset may occur suddenly and im- 
mediately after a hysterical fit. Acute myelitis may develop 
with great rapidity, but the onset is not instantaneous, as 
it may be in haemorrhage. In other inflammatory cases^ the 
onset is more gradual. In slow compression of the cord, from 
whatever cause, the development is still more tardy; while, in 
the chronic affections, such as progressive muscidar atrophy, 
locomotor ataxia, primary lateral sclerosis, and disseminated 
sclerosis, the departure from health is, usually, very gradual, 
and the course extremely slow and chronic. Indeed, so 
gradual is the onset in some of these cases, that the patient 
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is unable to fix the date at which the first symptoms com- 
menced. 

Tfvc mode of conimencemerU of the attack, the character 
of the symptoms, and the order in which they were developed, 
are often of great diagnostic importance. Two patients, 
for example, present extreme atrophy and paralysis of the 
right ann. In the one case the paralysis appeared suddenly 
at the outset of the attack, and was quickly followed by marked 
atrophy ; such a history (in the absence of wound or injury) 
would suggest polio-myelitis anterior acuta. In the second 
case, the atrophy preceded the paralysis, the motor weakness 
increasing pari passu with the muscular wasting ; such a 
mode of commencement would indicate progre^ve muscular 
atrophy. So too in a case of spastic paraplegia in a female, 
the sudden occurrence after a fit would point to the functional 
(hysterical) nature of the paralysis ; while the gradual onset 
without hysterical phenomena (other things being equal) 
would be in favour of organic disease (transverse myelitis, 
etc.). 

If there is any alleged cause for the attack, its exact 
nature must be carefully inquired into. Where external 
violence is said to be the cause, the degree and kind of 
violence, the exact part of the Inxiy which was injured, the 
exact character of the symptoms and appearances which 
followed the injury, and the subsequent local changes and 
constitutional symptoms must all be carefully noted. It is 
only by attention to these details that we can possibly deter- 
mine whether the alleged injury was adequate and likely to 
produce the symptoms from which the patient is suffering at 
the time of examination. It must, however, be remembered 
that severe, and even fatal cord disease is said occasionally to 
result from concussion of the spine, such as is produced by a 
railway collision, without any evidence of bruising or local 
injurj'. Careful attention should always be given to the 
points I have just mentioned, which sometimes give valuable 
information as to the severity of the injury. 

The nature ofilve treatment up to the time when the patient 
c/ynies tinder observation is in some cases of importance, for 
symptoms are often modified, and sometimes produced by 
treatment. The fact that the patient has gone through a 
prolongwl course of anti-syphilitic remedies without any bene- 
ficial result would rather negative the idea of syphilis being 
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the cause, and so would make the prognosis more serious. 
It must, however, be stated that this is not a point of very 
great importance, for some of the chronic (sclerotic) lesions 
which appear to be due to syphilis are not materially bene- 
fitted by anti-sypliilitic remedies. Again, in a case of motor 
weakness, in which stiffness and rigidity were prominent 
features, the fact that the patient had been taking strychnine, 
and that the stifiness and rigidity had appeared aftef)* its use, 
would be very suggestive of cause and effect, and would 
make the prognosis, as regards the stiffness and rigidity at 
all events, more hopeful. 

The History as to the State of Health before the commence- 
ment of the Present Illness, the Habits, Mode of Life, and 
general surroundings of the Patient, are also very important. 
Syphilis undoubtedly is a cause of some cases of myelitis ; and 
the statistics of Erb, Gowers, and others, show that it plays 
an important part in the production of locomotor ataxia. 

The question as to syphilis being the cause of locomotor ataxia is 
still under discussion. There is one form of proof which would^ I 
think, be conclusive should it be forthcoming. Women, in this country 
at least, seldom suffer from locomotor ataxia. Now, if syphilis is the 
cause of the affection, prostitutes who are so often syphilitic, ought to 
be affected with locomotor ataxia much more frequently than the 
general mass of the female population. Unless this fact is established, 
and the observations of Erb and Althaus seem to give some support 
to it^ — it cannot be allowed that syphilis is the sole cause, but it must 
be admitted that there is some other condition in addition to the 
syphilis which renders the male more liable to the affection (locomotor 
ataxia) than the female. 

I}iphtheria is tlie most common cause of paralysis of the 
palate, and it is sometimes followed by paralysis of muscles 
supplied by spinal nerves. The epidemic form of cerebro- 
spifuil m-eriiru/itis results from an organic poison ; in cases of 
cerebro-spinal meningitis, therefore, where there is no ear 
disease or other obvious cause, a history of other cases in the 
neighbourhood, or the prevalence of an epidemic, would be 
important. Flwmhism. — It is well known that lead gives 
rise to various forms of nerve disease. A history, there- 
fore, of exposure to lead impregnation, or of previous symp- 

1 Briliifh Mti/icat Journal, May 31, 1884, p. 1036. 
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toms of lead poisoning, such as dry colic, wrist drop, etc., 
should carefully be inquired into in all cases of atrophic 
paralysis. Sexual excess used to be considered an important 
cause of spinal cord disease. Functional derangements of 
the cord may undoubtedly be produced by it, and in so far 
as it lowers the general tone of the system, and debilitates 
the spinal cord in particular, it may be considered as a pre- 
disposing cause of cord disease ; but the evidence is, I think, 
as yet inconclusive, that any organic spinal affection is pro- 
duced by sexual excess. Typhoid fever, small-pox, and the 
other acute infectious diseases are sometimes followed by 
paraplegia ; in some cases, probably the majority, the spinal 
symptoms are functional, in others the paraplegia is due to 
myelitis, etc. Excess in alcohol would also appear to be an 
occasional cause of paraplegia. 

The Family History. Many nervous affections are heredi- 
tary. It is very important therefore to ascertain whether any 
of the patient's near relatives have suffered from symptoms 
similar to those for which he comes under observation, or 
from any other form of nerve derangement. 

Some spinal affections are distinctly hereditary. Pro- 
gressive muscular atrophy sometimes runs in families. Occa- 
sionaUy, though very rarely, locomotor ataxia is hereditary ; 
Carr6, quoted by Erb,^ saw eighteen cases of the disease in 
one family in three generations. 

But in addition it is necessary to inquire whether there 
is any tendency to nervous disease in the family, for we 
frequently find the type of disease changing in different 
generations; the mother, for example, may be hysterical, 
the children epileptic, the grandchildren idiotic, and so 
forth. 

The general hereditary tendencies of the patient are also 
important. In a case of slow compression of the cord, a 
strong family tendency to cancer, in the absence of evidence 
as to the exact nature of the compressing cause, would be 
suggestive of a malignant growth within the spinal canal. 
So, too, in a case of spinal meningitis, arising without any 
obvious cause, a hereditary tendency to scrofula would point 
to the tubercular character of the lesion. 

* ZiemttetCi C^hpmdm of Medicine , vol. xuL p«ge 523. 
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PRESENT CONDITION. 

[The date at which the examination is made should be stated, for 
in hospital practice the case may not be taken for some days after the 
patient's admission.] 

The Physiogiiomy of the Gase.^ While the preliminary 
facts and previous history are being investigated, the physician 
is both consciously and unconsciously learning many im- 
portant particulars as to the nature of the case. 

In some cases the physiognomy at once suggests the nature 
of the disease. The observer should, however, be cautious in 
making an off-hand diagnosis, for the physiognomy is seldom 
pathognomonic. A patient, for example, presents the charac- 
teristic gait of locomotor ataxia, and you diagnose that 
condition. This is a method of reasoning which we are aU, 
no doubt, going through daily, but it is not strictly accurate. 
The peculiar gait only shows that the patient is suffering 
from that form of in co-ordination which results from a lesion 
of the posterior columns. The further conclusion that the 
disease is locomotor ataxia would, doubtless, in the vast 
majority, of cases, be correct, for the sclerotic lesion of 
locomotor ataxia is by far the most common lesion of the 
posterior columns. But the conclusion is not logical, and in 
a small proportion of cases it would be quite erroneous, for 
other lesions may chance to be limited to the posterior 
columns, and to be attended with the same form of inco- 
ordination. The conclusion which could be correctly drawn 
in such a case would be, ' the posterior columns are affected, 
and the probability is, that the case is one of locomotor ataxia.' 

The physiognomy of the case is,however, always important, 
and in some cases of spinal cord disease, the picture which 
the patient presents is a very striking one. 

In acute cases he is generally in bed. In meningitis the 
countenance usually exhibits evidence of suffering ; the head 
may be retracted by spasm of the cervical muscles ; the legs 
drawn up; the patient avoids and dreads movement, for it 
increases the pain and spasm. 

In the earlier stages of polio-myelitis anterior acuta^ 

1 By the torm ph^'siognomy of the case, I meau not only the facial pbydog- 
uomy, but the appearance of the case as a whole. 
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there may be considerable fever : the little patient may be 
flushed or slightly delirious ; twitchings and tremors in the 
tendons of the wrist, and in the facial or other muscles are 
often observed ; ^ the paralysed limbs lie flaccid and helpless. 

In hysterical paraplegia the patient is a female, and in 
most cases young. She is probably confined to bed; the 
facial appearance is characterised by *a remarkable" depth 
and prominent fulness with more or less thickness of the 
upper lip, and by a peculiar drooping of the upper eyelid ' 
(Todd). The paralysed muscles are in some cases flaccid ; in 
others rigid, the legs extended, and the feet invei-ted ; they 
are not markedly atrophied, and the general state of nutrition 
is unafiected. 

In locomotor ataxia the patient is in the great majority of 
cases a male of from twenty-five to fifty years of age. A 
haggard expression of face is often noticeable, and is very 
suggestive of frequent and severe attacks of pain. Paralysis 
of one or other of the ocular muscles, or of the upper eyelid, 
is not uncommon, more particularly in the earlier stages; 
later, the pupils may be 'pin point' The general state 
of nutrition is usually good ; the gait is very characteristic, 
though, as has been already mentioned, not absolutely patho- 
gnomonic ; the patient walks with two sticks ; he keeps his 
eyes fixed on his feet or on the ground in front of him ; 
the steps are taken at regular intervals, slowly, and with 
deliberation, but the movements of the legs are irregular; 
the feet are jerked outwards, the heels brought suddenly to 
the ground with a stamp. In imcomplicated cases he walks 
in a straight line. There is no giddiness, the unsteadiness is, 
as Duchenne pointed out, not due to the head but to the legs 

In spastic paraplegia, a condition which is common as the 
result of a transverse myelitis, but is probably very rare as a 
primary system disease {primary lateral sclerosis), the facial 
appearance is in no way altered : the general state of nutri 
tion is good. In advanced cases the patient lies in bed, with 
the legs stiffly extended and adducted, the feet are usually 
inverted. In the earlier stages the patient is able to walk 
alx)ut, and the gait is peculiar ; he walks with two sticks ; 
each step is attended with evident effort; the feet appear to be 

• 

1 Tbete matcular twitclifogfl are cot charartitristic of infantile paralysis; they 
mre commonly obaerred in caaes of rapid elevation of temperature in cliUdreu. 
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stuck to the ground, and can only be moved forward by raising 
the pelvis, and with it the limb as a whole. In this process 
the back is strongly arched, the chest thrown forward, the 
patient leans forcibly, first on one stick and then on the other, 
and appears to aid the elevation of the trunk by movements 
of his arms. The toes are dragged along the ground with an 
unpleasant scraping noise, the knees are apt to interlock, and 
the foot which is being brought forward tends to cross in front 
of its fellow. In some cases, after the foot leaves the ground, a 
peculiar hopping movement of the body is observed ; it is due, 
according to Erb, to spasmodic contraction of the calf muscles. 

Another form of gait, which bears some resemblance to 
the ' hopping ' gait of spastic paraplegia, is the so-called * high 
action,' or * equine ' gait. At each step the leg is raised high 
off the ground by flexion of the thigh on the abdomen. This 
form of gait is usually associated with paralysis of the muscle 
on the front of the leg, and is a voluntary effort to ' dodge the 
paralysis,' i.e, to prevent the toes, which hang down, catching 
the ground. In other cases the high action is involuntary, 
and seems to be due to spasmodic action of the muscles which 
flex the thigh on the abdomen. 

In paraplegia ivith JUiccidity, the feet are tiuiled with diffi- 
culty one after the other. The knees do not interlock. There 
is not the marked arching of the back which is seen in the 
spastic form, and the foot which is being brought forward 
does not tend to cross the middle line. 

In progressive muscular atrophy the facial appearance is 
seldom altered. In the earlier stages the wasting of the 
muscles of the hand, and in some cases the ' bird claw ' ap- 
pearance of the fingers, at once attract attention. In advanced 
cases the wasted limbs hang helplessly by the sides, as if 
they were hung on to the trunk by strings. The lower limbs 
are seldom so profoundly atrophied as to prevent the patient 
getting about; but in advanced cases, they, like the arms, 
seem to hang loosely. When the lumbar muscles are affected, 
the back is arched, the belly protruded, but the gait is not 
* waddling,' as in pseudo-hypertrophic paralysis. 

In cerebrospinal sclerosis the patient is genemlly between 
twenty and forty years of age. The countenance usually 
presents a stupid, vacant, stolid expression ; the mouth may 
be half open; the speech is altered, the tone monotonous, 
the words drawled out in a scanning manner; nystagmus 
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(oscillation of the eyeballs) occurs in a certain proportion of 
cases; the pupils are sometimes markedly contracted. In 
the earlier stages the gait is not much altered, but the ex- 
perienced observer can often, even then, detect characteristic 
alterations. In many cases the patient walks with the head 
erect or turned slightly to one side, and perliaps drawn a little 
back ; there is an evident effort to keep the neck stiff and 
the head steady. On close observation, slight jerking move- 
ments of the head and neck can be perceived. In the more 
advanced stages the gait is extremely unsteady and irregular ; 
but in characteristic cases the inco-ordination is quite different 
from the gait of locomotor ataxia; it is, so to speak, of a 
coarser kind, and seems to involve the muscles of the trunk 
rather than the muscles of the legs. The patient does not 
walk deliberately and in a straight line (as the subject of 
locomotor ataxia usually does), but is apt to shoot suddenly 
forwards or to one side ; the loss of control is sometimes so 
great, that he knocks up against surrounding objects. I have 
seen a patient in walking across a small room come violently 
in contact with the opposite wall. 



THE CLINICAL EXAMINATION OF THE SPINAL CORD. 

As I have previously remarked, the essence of the clinical 
examination of the spinal cord consists in tlie separate and 
systematic examination of its individual segments. The 
motor, sensory, reflex, vaso-motor, and trophic functions of 
each segment should be investigated as accurately as our 
pi-esent knowledge will allow. 

I will now briefly describe tlie symptoms which are met 
with in diseases of the spinal cord, and will indicate the 
points to which attention is to be directed in the clinical 
examination of the case. 

MOTOR 1)KRAN(;EMENTS. 

The symptoms which result from derangement of the 
motor functions of the cord may be either in the direction 
of diminished or increased function. Paralysis, paresis, and 
inco-ordination are examples of the former ; spasms, cramps, 
and rigidity, of the latter. 



88 THE CLINICAL EXAMINATION OF 

Paralysis. — Spinal paralysis is, in the great majority of 
cases, of cord disease, bilateral and limited to the muscles of 
the lower extremities; it is then termed parapl€/;ia. The 
loss of motor power is, not unfrequenily, greater on one side 
than on the other. The bilateral character of the paralysis is 
due to the facts, that the motor tracts of the two sides of 
the body are in such close relation in the spinal cord, that 
acute indiscriminate lesions, such as myelitis, haemorrhage 
and traumatic injuries, can with difficulty affect one side 
without implicating the other ; and that the system lesions of 
the motor tract have a strong tendency to be bilateral.^ 

In rare cases the lesion is situated in or above the cervical 
enlargement; the upper limbs are then involved, and the 
condition 13 termed cervical paraplegia. In exceptional cases 
the lower limbs escape while the upper limbs are paralysed. 

Paraplegia may result from a total transverse lesion 
(myelitis, compression) ; or from lesions which involve the 
pyramidal tracts on both sides of the cord (piimary lateral 
sclerosis, etc.), the anterior cornua in corresponding half 
segments, the anterior root-fibres or the anterior roots on both 
sides of the body. 

Occasionally a lesion of the cord is limited to one side, 
and produces one-sided paralysis {spinal hemiplegia or spinal 
monoplegia). In cases of this description, the loss of motor 
power is on the same side as the lesion. 

When the paralysis is limited to one lower extremity, the 
condition is sometimes called hemi-paraplegia. 

The points to which attention is to be directed in the exam- 
ination of a case of spinal paralysis are : — 

1. The exact distribution of the paralysis. 

2. The amount (degree) of the paralysis. 

3. The trophic condition of the paralysed muscles. 

4. The irritability (electrical and mechanical) of the 
paralysed muscles. 

5. The tonicity of the paralysed muscles. 

6. The condition of the reflexes. 

7. The condition of co-ordination and of the muscular 
sense. 



1 lu polio-mjeliiiB anterior acuta, the leBion is sometimes limited to one 
anterior born, bnt even iu tUat affection paraplegia is the rule. 
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(1) The Exact Distribution of the Paralysis. — The 
distribution of the paralysis, which can often be roughly de- 
termined by observing the attitude and gait of the patient, is 
accurately ascertained by testing his capability of executing 
muscular movements ; by noting the movements which are 
wanting, or which are imperfectly performed, we can, provided 
of course we know the muscle concerned in the production 
of the movement, determine the muscles which are at fault. 
The exact distribution of the paralysis gives important infor- 
mation as to the position of the lesion in the cord. The 
paralysis is, therefore, to some extent a localising symptom. 

The Motor Functions of Individual Segments. — In exam- 
ining the condition of the motor functions of the spinal 
cord, it is important for scientific purposes, or where great 
accuracy in localisation and diagnosis is required, to examine 
the motor condition of individual segments by observing the 
condition of the muscles which they supply. 

The motor functions of the different nerve roots (i.e. of 
the different segments) of the cervical and lumbar enlarge- 
ments are, according to Ferrier and Yeo, Paul Bert and 
Marcacci, as follows : — 

Functions of the nerce roota of the cervical enlarqemeut (according to 
Professors Ferrier and Yeo, from observations made on monkeys). 

Fourth cervical — ^Flexion of the forearm, with supination and exten- 
sion of the wridt and iiugers, the upper arm raised upwards and 
backwards. 

Fifth cervical, — Movement of the hand towards the mouth, viz., 
raising the upper arm inwards, flexion of the forearm with supination, 
and extension of the wrist and fingers. 

^"trM cervical, — ^'ITie movement of * attention ' viz., adduction and re- 
traction of the upper arm, extension of forearm, pronation and flexion 
of wrist, the palm of the hand being brought towards the pubes. 

Seventh cervical — ^The Bcalptor ani action, viz., adduction and rotation 
inwards and retraction of the upper arm, extension of the forearm and 
flexion of wrist and fingers so as to bring the tips against the flank. 

Eifjhth cervical — CloHure of the fist with pronation by ulnar flexion 
of wrist, retraction of the arm with extension of the forearm. 

Fir$t dornal, — Action of the intrinsic muscles of the hand, muscles 
of ball of thumb, interoftsei, etc. 

FunctioiiM of the nerve roots of the lumbar enlanjement (according 
to Professors Ferrier and Yeo, from observations made on monkeys ; 
and M« M. Paul Bert and Marcacci, from observatiouB made on cats and 
dogs). 
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First lumbar. — Determines contraction of the sartorius, rectus, and 
psoas — which flex the hip upon the trunk. (P. B. and M.). 

Second lumbar, — Excites contraction of the anterior portion of the 
vastus extemus. a part of the tensor of the fascia lata, and the vastus 
intemus — viz., the muscles which extend the leg or the thigh. (P. B. 
and M.). 

TfiirH lumltar. — Similar to that of the second, with some differences 
in detaU. It excites part of the vastus extemus and the anterior part 
of the biceps, which is an extensor, while the posterior portion is a 
flexor. (P. B. and M.). 

According to Ferrier and Yeo, stimulation of the third lumbar in 
the monkey causes flexion of the thigh and extension of the leg. 

Fourth lurhbary according to M.M. Paul Bert and Marcacci, causes 
in the cat and dog, movements in the posterior part of the biceps, the 
semi-tendinosuB, and the semi-membranosus (flexors of the leg or the 
thigh), the second and third adductors of the thigh and the extensors 
of the thigh. It thus innervates three kinds of movements which are 
in no respect opposed or contradictory. 

According to Professors Ferrier and Yeo, irritation of the fourth 
root in the monkey causes extension of the thigh, extension of the leg, 
and pointing of the great toe. 

Fifth root. — M,M. Paul Bert and Marcacci find that in the dog and 
cat the fifth root presides over the movements of the taU. According 
to Ferrier and Yeo, irritation of the fifth root in the monkev 
produces: — Outward rotation of the thigh, flexion and inward 
rotation of the leg, plantar flexion of the foot, and flexion of the distal 
phalanges. 

First sacral. — Flexion of the leg, plantar flexion of the foot, flexion 
of all the toes at the proximal phalanges, and also of the distal phalanx 
of the hallux. (F. and Y.). 

Second sacral. — Action of the intrinsic muscles of the foot, viz., 
adduction and flexion of the hallux, with flexion of the proximal 
phalanges and extension of the distal. (F. and Y.). 



(2) The Amount (Degree) of the Paralysis. — AVhere 
the paralysis is complete, all muscular movement is of course 
absent. In incomplete paralysis (paresis), the amount of motor 
impairment is measured by observing the amount of force which 
the paralysed muscles are capable of exercising. In estimating 
the force of a muscle in this manner, the movement which it is 
made to execute should resemble, so far as possible, the move- 
ment which it is normally in the habit of executing. In 
measuring the force of the calf muscles, for example, jumping 
on tip-toe is, as Dr Gowers points out, a better test than the 
degree of force which can be exercised in opposition to passive 
dorsi-flexion of the foot. The dynamometer (see fig. 72) is a 
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ready means of estimating the exact force of the flexor muscles 
of the fingers (grasping power). 




Fio. 72. The dynamometer. 

The strength of the other muscles is ascertained by 
observing : — (1) the force with which voluntary movements 
are executed, and (2) the amount of resistance which can be 
ofiTered by the patient to passive movements made by the 
physician. In cases of one-sided pai-alysis, the standard of 
comparison is the motor force of the corresponding muscles 
on the healthy side. Where the paralysis is bilateral, the 
amount of motor power must be compared with that of a 
healthy individual; it must however be remembered that 
where another individual is taken as the standard of com- 
parison, his muscular development should resemble, as much 
as possible, the muscular development of the patient prior to 
the onset of the paralysis. 

(3) The Trophic Condition of the Muscles.— In some 
cases of spinal paralysis the muscles undergo * rapid atrophy; * 
in other cases their state of nutrition is well preserved ; in 
others again, they are moderately wasted. Tlie trophic condi- 
tion of the paralysed muscles depends upon the position of the 
lesion. Where the lesion is situated above the trophic nudevs 
(the multipolar nerve cells of the anterior cornu), the paralysed 
muscles may be well nourished, or moderately wasted (atrophy 
of disuse). Where the multipolar nerve cells are acutely 
destroyed, or where their trophic influence is suddenly shut off 
by lesions of the anterior roots or peripheral nerves, * rapid 
atrophy ' results. Gradual destruction of the multipolar nerve 
cells is attended with gradual but progressive atrophy, which 
may ultimately become extreme. 
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(4) The Irritabilty of the Muscles. — The Faradic, 
galvanic, and mechanical irritability, must all be tested. In 
order that that this part of the subject may be thoroughly 
understood, it will now be necessary to describe the manner 
in which the electrical condition of the muscles is to be 
ascertained. 

PRACTICAL DIRECTIONS AS TO THE MODE OF APPLYING 
ELECTRICITY IN THE DIAGNOSIS OF CASES OF PARALYSIS.* 

1. See that the lattery is in working order. Firmly attach 
the rheophores to the binding screws (I, I, fig. 73) of the bat- 
tery and to the electrodes. Thoroughly moisten the electrodes. 
See that the interrupter (G) is in the proper position. Place 
the required number of cells into action by means of the 
handle shown on the dial (E). Try the effect of the current 
on your own person before applying it to the patient; the 
ball of the left thumb is the most convenient site ; care 
must be taken that the electrodes and the portion of skin to 
which they are applied are thoroughly moist. If there is any 
doubt as to the battery acting, i.e., as to a ciirrent passing, 
the electrodes may be applied to the tip of the tongue, but a 
very weak current inust be used for this purpose. 

2. Make the skin a good conductor. — In order that the 
current may reach the muscles and nerves, it is necessary 
to thoroughly moisten those portions of the skin to which the 
electrodes are to be applied, for the dry skin is an extremely 
bad conductor of electricity. The skin should be thoroughly 
sponged with warm water, holding a small quantity of 
common salt in solution. 

3. 'Thoroughly moisten the electrodes. — In using electricity 
for diagnostic purposes, the ' mobile ' electrode {i.e. the elec- 
trode which is applied to the muscle or nerve, which is being 
tested), should be moistened before eax:h application, and the 
* stabile ' electrode should also be kept moist. 

4. Apply the electrodes. — For diagnostic purposes the ' polar 
method ' of applying the electrodes should always be adopted. 
The polar method is as follows: — A large flat electrode is 
connected with one of the rheophores, and is applied over a 

1 Space does not enable me to go into any degree of detail with regard to this 
part of the subject. In the course of lectures of which this work is only a small 
part, the subject of Electricity was fully considered. 
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distant and neutral part, sucli as the maDubrium atemi, the 
front of tlie abdomen, or the cervical spines; the other elec- 
trode (for diagnostic purposes Bennett's or Wyllie's electrodes, 
■whicli permit of interruption or reversal of the current by a 
simple movement of the thumb or finger, and without having 
recourse to the ' interrupter ' of the battery or element board 
are beet), is then applied over the muscle or nerve trunk which 
is to be tested. By tliis means the action of the two poles 
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(a most impoitant point in the diaguosis of some cases of 
paralysis) can be readily distinguislied. 

The condition of the paralysed muscles and nen^es to both 
forms of current should then be carefully and methodically 
tested. 

If it is desired to tlirow the whole muscle into action or to 
act on the muscle through its nerve, the peripheral electrode 
should be placed over that part of the muscle where the motor 
nerve enters. Tliia point is called the motor-point. In the 
following plates, copied from Von Ziemssen, the position of 
the chief motor points is shown.' 
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lu using the Faradic (inteiTupted) current the polar method 
is not so important. It should, however, always be employed 
where great accuracy in diagnosis is required. In using this 
form of current (the interrupted) for the purposes of treat- 
ment, both electrodes may be placed at a ^wrt distance from 
ea^h other over the muscle to be acted upon. This method is 
less painful than when they are wide apait. 

The Use of ELECTRicrry as a Diagnostic in Cases of 
Paralysis. — lu many cases of paralysis electricity affords 
most important diagnostic information, for, as Dr Hughes 
Bennett forcibly points out,^ it enables us to determine with 
exactitude the anatomical condition of the affected muscles 
and nerves. But in order that this and the otlier points 
connected with the diagnostic uses of electricity may be 
thoroughly understood, it will be necessary to consider the 
effects which it produces on healthy and diseased muscles 
and motor nerves respectively. 

The Action of Electricity on Healthy Muscles and 
Motor Nerves. — Tlie more important effects which are 
produced by the application of electricity to healthy muscles 
and motor nerves, are set forth in the following propositions : — 

(1) Electricity has the property of exciting the functional 
activity of healthy muscles and motor nerves, the result of 
which is to produce muscular contractions. . 

(2) With currents of moderate strength, muscular contrac- 
tions are only produced when alterations occur in the strength 
of the current, i.e. when the current is made or broken, 
or when its strength is suddenly diminished or increased. 
(With very strong currents, the occurrence of alterations in 
the strength of the current is not necessary for the produc- 
tion of contraction, a point which will l)e again referred to 
presently.) 

(3) The strength of the mascular contractions, produced 
by electricity, depends (otlier things being equal) upon the 
strength of the current, and the rapidity of the interruptions ; 
in other words, the stronger the current and the more rapid 
the alterations, the more forcible the muscular contractions. 

(4) In health the contractions are short, sharp, and 

1 KUctro-lJiaffnMif, page 4. 
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sudden ; and the eflfects produced by stimulating the motor 
nerve and the muscular fibres directly {i.e. the peripheral 
electrode being applied over the body of the muscle, and not 
over its motor nerve) are identically the same. This is due 
to the fact, that it is impossible to stimulate a healthy 
muscle without at the same time stimulating the motor 
nerve-endings which it contains ; in short, observers are now 
agreed that the contractions which result from direct stimula- 
tion of a healthy muscle, are due to stimulation of its motor 
nerve endings. 

(5) Since the functional activity of muscles and motor 
nerves is only excited when changes occur in the strength of 
the electric current, it follows : — 

(a) That in the case of the interrupted or faradic current 
(in which a variation of strength occurs with each interrup- 
tion), a muscular contraction will accompany each break in 
the current, and since the interruptions produced by the auto- 
matic interrupter follow one another with extreme rapidity, 
an apparently continuous contraction or tetanic condition will 
result whenever the electrodes are applied. 

The strength of the contractions produced by the inter- 
rupted current varies directly with the strength of the current 
and the rapidity of the inteiTuptions. Very weak currents 
do not produce contractions. In health, the effects which 
result from the application of the faradic or interrupted current 
to the motor nerve and to the muscle itself, are identicallv 
the same. 

(b) That in the case of the continuous current, muscular 
contractions will not occur so long as the current strength is 
constant, i.e. so long as the current is passing, but only when 
it is made or broken, or when sudden variations in its strength 
occur. This statement only applies to currents of moderate 
strength, for with very strong currents a condition of tetanus 
is produced during the whole time that the current is passing. 

The efl'ects of the continuous current are not, however, so 
simple as this statement would imply, for they vary with the 
relative position of the poles and with the strength of the 
current. 

Since there are two poles (the anode or positive, and the 
cathode or negative), and since muscular contractions may 
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occur on making or closing, and on breaking or opening the 
current, it follows that there are four possible forms of con- 
traction, viz. : — 

(A. When the negative pole is on the muscle or motor 
nerve, the positive pole on the distant or neutral point.) 

1. The contraction which occurs on closing=the cathodal 
closing contraction C.C.C. 

2. The contraction which occurs on breaking or open- 
ing=cathodal opening contraction C.O.C. 

{B. When the positive pole is on the muscle or motor 
nerve, the negative pole on the distant point) 

3. Tlie contraction which occurs on closing=:anodal closing 
contraction A.C.C. 

4. The contraction which occurs on opening=:anodal open- 
ing contraction A.O.C. 

These four forms of contraction occur in a definite order 
with currents of increasing intensity, viz. : — 

1. (^.C/.O. 

2. A.C.C.* 

3. A.0.C.2 
4 C.O.C. 

As the current strength increases so does the intensity of 
each contraction. We may, therefore, represent the character 
of the contractions with a gradually increasing strength of 
current as follows : — 

1. Very feeble current. No contraction either on opening 
or closing with either pole. 

2. JFcdk current, C.C.C. 

3. Somev'hat stronger current, C'.C'.C. + A.C.C. 

4 Still strcmgei' current, C'C^C^ -f A'.C'.C. + A.O.C. 

5. Very strong current, C*C*C^ (cathodal tetanus) -f 
A'C'C -f A'O'C'. + COC. 

In health, then, constant or galvanic currents of moderate 
strength only produce contractions when their strength is 
suddenly altered (i.e. when the current is made or broken) ; 



' Tli0 A.C.C. and A.O.C. often appear simultanaooslf. Sometimes the A.O.C. 
appears bef(>re the A.C.C. 

* Dr de Watteville points out that the occnrrence of AOC is determined not 
only by the strenfj^tb of the current but also by the time the cnrrent has been 
iluwio^ through the nerve before it is broken. 
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the contractions which result from the application of the 
current to the motor nerve or to the muscle itself, are identi- 
cally the same, and appear in a definite 'polar' order, the 
cathodal closing contraction being the first, and the cathodal 
opening contraction the last to be manifested. 

The effects of electricity on diseased muscles and 

MOTOR nerves. 

The alterations which occur in paralysis are either quanti- 
tative or qualitative in character. 

It may be stated as a general rule, that when the nutri- 
tive condition of the paralysed muscles and nerves is not 
profoundly altered, quantitative alterations are alone ob- 
served ; when, on the contrary, the trophic condition of the 
paralysed muscles and nerves is profoundly modified, qualita- 
tive alterations appear. In other words, in those cases of 
paralysis in which the trophic nerve nuclei, motor nerves 
and motor nerve endings are healthy {i.e. not degenerated or 
destroyed), the electrical alterations are merely quantitative ; 
when, on the contrary, the trophic nerve nuclei are destroyed, 
when the trophic nerve influence is shut off from the muscles 
by severe lesions of the peripheral nerves, when, in short, the 
peripheral motor nerves and the motor nerve endings are 
degenerated, qualitative alterations in the electrical reactions, 
to which the term ' reaction of degeneration^ has been applied 
by Professor Erb, appear. 

It is necessary in the next place, therefore, to consider 
the exact nature of these quantitative and qualitative altera- 
tions ; and in order that they may be correctly appreciated at 
the bedside, it is essential to test separately and in detail the 
electrical condition of the paralysed muscles and motor ner\'es 
to both forms of current, and to observe : — 

A. The electrical reaction which is produced by the 
faradic or interrupted current when the peripheral electrode 
is placed upon : — 

(a) The motor nerve trunk which supplies the paralysed 
muscles, or the motor nerve point of tl>e paralysed muscle 
which is being tested. 

(b) Tlie paralysed muscle itself (i.r. wlien the electrode is 
applied to parts of the muscle other than that one at which 
the motor nerve point is situated). 
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In testing the condition of either the paralysed muscles 
or nerves with the faradic or interrupted current, the follow- 
ing points must be noted : — 

(1) Whether a muscular contraction is produced or noL 

('2) If a contraction is produced, what is the minimum 
strength of current required to produce it; and whether the 
character of the co7itraction is in any way altered from the 
normal. 

in order to ascertain whether the contraction is normal 
or not, the effects which the same strength of current pro- 
duces upon the corresponding muscles and motor nerves of 
the opposite side of the body is the best possible standard of 
comparison. In making comparative observations of this 
description, it is essential to take care that aU the conditions, 
more especially the strength of the current, the position of 
the electrodes, the amount of pressure applied to the elec- 
trodes, the degree of moisture of the skin and of the elec- 
trodes, the position of the limbs, and the tension of the 
muscles which are being tested, are, so far as is possible, 
identicallv the same. 

When the paralysis is bilateral, a healthy motor nerve 
and healthy muscle in the same individual must be taken as 
the standard of comparison, and it is of special importance to 
select a muscle and nerve which yield, so far as possible, the 
same electrical response as the paralysed muscle or ner\'e 
would jneld if it were in a condition of health. 

The relationship of the muscles and nerves to the surface, 
the amount of fat, etc., which covers them, produce important 
differences in the facility with which the electric current 
reaches them ; deep-seated muscles and nerves require to be 
stimulated by a much stronger current than superficial ones, 
in order that the same amount of contraction may be pro- 
duced. Again, in many cases of paralysis the vaso-motor 
conditions of the skin are profoundly altered, and the resist- 
ance to the passage of the electric current is in some cases 
diminished, in others materially increased. All of these dif- 
ferences are of importance when it is necessary to make very 
accurate comparisons, as, for example, in cases of paralysis 
following railway injur}'. In all cases where careful com- 
parative ol>ser\'ation8 are required, it is necessary, as Erb and 
de Watteville have pointed out, to measure, by means of the 
galvanometer, the amount of resistance which the electricity 
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meets with in passing through the skin and superficial 
tissues. 

(3) The strength of current, arid the rapidity (whether dmc 
or quick) of the interruptions required to produce the maximum 
amount of muscular contraction. 

B. The electrical reactions by the galvanic or continuous 
current when the peripheral electrode is placed upon : — 

(a) The motor nerve trunk which supplies the paralysed 
muscles, or the motor nerve point of the paralysed muscle 
which is being tested. 

(b) The paralysed muscle itself (i.e. when the electrode is 
applied to parts of the paralysed muscle other than that one 
at which the motor nerve point is situated). 

In testing the condition of either the paralysed muscles 
or nerves with the galvanic or continuous current, the follow- 
ing points must be noted : — 

(1) Whether a miiscular contraction is produced or not. 

(2) If a contraction is produced, (a) what is tlie minimum 
strength of current required to produce it ; (b) the order of the 
polar reactions; (c) the character of the contra^ctions, whether 
healthy or not ; (d) the strength of current required to prodvce 
tetanus ; (e) whether the contra^ctions are m/yre easily excited by 
slow or quick interruptions of the current ; in other words, the 
observer must satisfy himself whether the contractions pro- 
duced by the continuous current when applied to tlie motor 
nerve and muscle respectively, are in any way different from 
the normal. Comparative observations with a healthy 
standard must be made in the same systematic and careful 
manner which has been described above. 

QUANTITATIVE ALTEKATIONS. 

In many cases of paralysis the electrical reactions are 
either n/mnal, or present a simple increase or simple diminu- 
tion, a weaker or a stronger current being required to produce 
contractions than in health, but all the other characteristics, 
such as the order of the polar reactions, the effect of the 
current on the motor nerve and on the muscle itself, be- 
ing the same. Quantitative electrical alterations, unless well 
marked, are of little value, as jf>osi7tr« evidence of the existence 
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of paralysis; but jip-anting that paralysis is present, they 
may afford very important information as to the seat of the 
lesion, and also for the purposes of projjfuosis. So long as the 
paralysed muscles and nerves respond to electricity, and so 
long as the electrical changes are merely quantitative in 
chs^cter, we know that profound degenerative changes, such 
as result from destruction of the trophic nerve nuclei, or 
shutting off of the trophic influence, tlie result, for instance, 
of a severe peripheral nerve lesion, are not present. 

Normal electrical cafiditio7is. — In the earlier stages of 
those cerebral and spinal paralyses in which tlie lesion is 
situated aboi^ the trophic nucleus, the electrical condition of 
the paralysed muscles may be normal. After a time when 
atrophic changes begin to occur, simple diminution appears. 
Normal electrical conditions are also seen in manv cases of 
so-called functional paralysis, and in some cases of peripheral 
paralysis, in which the lesion is so slight that it does not 
shut off the tropliic influence, i.e, in those forms of peripheral 
paralysis in which the rapid form of atropliy does not occur. 

Simple dimintUio7i. — The only alteration from the normal 
is that a stronger current (galvanic and faradic) is required 
to produce a contraction both in the paralysed muscle and its | 

motor nerve This fonn of alteration occurs in most cases of 
cerebral and spinal paralysis in which the lesion is situated 
above the trophic nucleus. Simple diminution accompanies 
the slow and moderate form of atrophy which occurs in such 
cases. The amount of the decrease corresponds to the amount 
and stage of the atrophy. In the later stages of very chronic 
cases, the electrical contractility of the paralysed muscles may 
have almost entirely disappeared. Simple diminution is also 
seen in many cases of slight peripheral paralysis in which 
the lesion is not sufficiently severe to shut off the trophic 
influence of the trophic nerve nuclei ; it is also seen in many 
cases of so called functional paralysis. 

Simple increxise, — In this condition, which is rare, a wejiker 
current than in health (either galvanic and famdic) applied 
to the paralysed muscle and its motor nerve, produces mus- 
cular contractions ; but the character of the contractions, and 
the sequence of the polar reactions, etc., are normal. 
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Simple increase must be carefully distinguished from the 
increase of galvanic irritability, which is one of the most 
characteristic features of the ' reaction of degeneration.' 

Simple increase occurs in the earlier stages of some cases 
of hemiplegia; and in some cases of spinal paralysis, in which 
irritative (spastic) phenomena are present, but in which there 
is no muscular atrophj'.^ 

QUALITATIVE ALTERATIONS. 

Qualitative alterations to which Professor Erb has given 
the term 'reaction of degeneration,' only occur when profound 
structural alterations are present in the motor nerves and 
muscles, in consequence of the shutting off of the trophic 
influence of the multipolar nerve cells of the anterior comua 
of the spinal cord. These changes are seen in their most 
typical form in those cases in which the whole or the greater 
part of the nerve tubes, comprising the motor nerve, and the 
whole or the greater part of the muscular fibres of the 
paralysed muscles are undergoing acute degenerative changes. 
And since alterations of this description in the motor nerves 
and paralysed muscles result either from acute destruction of 
the multipolar nerve cells of the spinal cord, or from severe 
peripheml lesions of the motor nerve trunks, typical reaction 
of degeneration is a condition of great diagnostic value. 

The alterations, which constitute the 'reaction of degenera- 
tion,' are as follows : — 

1. With the development of the degeneration, of the nerve, 
the electrical excitability of the nerve (both to the galvanic 
and faradic currents) diminishes, and at the end of about a 
fortnight, when the descending degenerative changes in the 
nerve trunk are established, ceases altogether. 

2. The rapidly intemipted (faradic) cun*ent ceases at 
the end of a fortnight to cause muscular contractions when 
applied directly to the muscle ; for the motor nerve, endings 
in the muscle, stimulation of which is, as we have previously 

* In most cases of spastic paralysis \vbicli I have bad an opportunity of 
examiuiog, there was simple diminution instead of simple increase. 
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seen, the cause of the contractions which result in health 
from direct stimulation of the muscle by the faradic current, 
are degenerated ; the muscular fibre itself does not respond 
to currents of momentary duration such as the faradic. 

3. During the first ten days or so, there is simple diminu- 
tion of the contractility produced by the galvanic stimulation 
of the muscle ; the excitability of the muscle to slowly inter- 
rupted galvanic currents then increases, 

4. Tlie following qualitative changes are also observed : — 
The sequence of the polar reactions is altered, the anode 
taking the place of the cathode. The order of appearance of 
the polar reactions is therefore : — 

1. A. \j» K^. 1. \j. \y. v^. 

'> C C C *> A C C 

3. C. O. C. m&x^a oi .^ ^ q ^ 

4. A. O. C. 4. C. 0. C. 

3. The character of tlie contractions is modified ; instead 
of being short, sharp, and sudden, they are slow in appearing, 
prolonged in duration, and apt to become tetanic, even when 
produced by weak currents. 

To sum up then, when the * reaction of degeneration ' is 
present, the galvanic stimulation of the muscle produces 
contractions more easily than in health ; the contractions are 
more readily exciteil by slowly interrupted than by quickly 
interrupted currents, and their character, and the sequence of 
the polar reactions, are at the same time altered. This in- 
crease to the slowly interrupted continuous current occurs at 
a time when stimulation of the nerve (both by the galvanic 
and faradic currents) and of the muscle by the faradic current 
produces no contraction. 

The increased excitability of the muscle to the galvanic 
current continues for a longer or shorter period in different 
cases. In incurable cases, after twenty or thirty weeks it 
gradually declines, and finally ceases (see fig. 87) ; then the 
muscle, like the nerve, ceases to respond to all forms of 
current. In cases which recover, the inerease<l galvanic 
excitability may last for some weeks or even months, it then 

H 
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gradually diminishes, aud the normal reactions reappear. 
(See figs. 85 and 86.) It is important to remember that in 
cases which slowly recover, the power of producing voluntary 
contractions in the paralysed muscles is regained before 
artificial contractions can be produced by applying either 
the continuous or the interrupted current to the motor 
nerve, in fact, in some cases it is impossible, even when the 
paralysis has to a large extent disappeared, to produce any 
contraction by means of electricity applied to the motor nerve 
trunk. The following di(^rsms, taken from Erb, illustrate 
the course and duration of the ' reaction of degeneration ' 
in ditferent cases. 

Amtph J mill 
De(«n»ntloii UnltlpUcailoii or Nnclai 

oribaNan*. la lb* Hiucultr fibre*. BainDmUen. C1iTh«l>. 



Tit rrartiim nf thftntraAim in a mild pnipitr<U IrrtoH (rapid rtmcrrg). 
—(After Krft.) 

UolJlilf, represented b; Ilia dotted line, ceaira with the occnirence oF Ibe 
Itiiou ; the g^vuilc uid (kndic excttkbility of Ibe nerve gntdoilly diminlah, utd 
ftC the end of two wrnks diuppeir, Die nerve trunk ia now degemnled; tbe 
fwvdlc eicitmbility of tbe muscle gradually dimiuiibei, tnd Cfues at tbe end of 
two weeks, tbe motor norre-eudiDge ire now de^uertled; tba galvknic eidt- 
ablllty diroiuiahee for two weeks, ll tbeu in cream, and tbe other pbaDomeuof 
tbe 'reaction of degeneration' are prounl; tbo itar (*) mark* tbe relnrn ot 
voluulary motor power; (be galvanic aud faradic exdtabliity of Ibe paralysed 
nerve, aud the laradic excitability of tbe paratyaed mnsde oexl reappear; ttw 
increased galvanic eicilability of tbe maacle gradually dimlnisbes, and tbe other 
pkenoiiiena ot the ' reactiou i>[ degsueralloii ' gradually dieippFar. 
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Ah impfrffct or partial form, of thr 'rtadion of dtgcTifra- 
tum' is met with in progressive muscular atrophy, glosso-Iabial 
paralysis, and some other conditions in which the trophic 
nerve influence of some of the multipolar nerve cells is in- 
terfered with, and in which some only of the ner\'e tubes 
and muscular fibres are degenerated, others being healthy. 

It is obvious, that on stimulating a uerve or niiiacle, some 
of the fibres of which are healthy and others degenerated, that 
the electrical renctiuns txtth of health and disease will be 
obtained, the net result may lie somewhat complicated, and 
will depend upon the relative proportion of the diseased and 
healthy tissues. ^Iien, for instance, half the multipolar nerve 
cells of the anterior comu of a spinal Heginent are degenerated 
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half the nerve tubes connected with that segment, and half 
the muscular fibres supplied by that segment, will degenerate. 

Now on stimulating the motor nerve trunk supplying the 
affected muscle, the degenerated nerve tubes fail to respond 
to either form of current ( = the ' reaction of degeneration'), but 
the healthy nerve tubes do respond, and muscular contractions 
do result, the only difference from the normal being that the 
contraction is less forcible and vigorous than in health, for 
only half the muscular fibres are able to take part in its 
production. In the second place, the direct application of the 
faradic current fails to produce contractions in the degenerated 
muscular fibres ( = the 'reaction of degeneration*), but it does 
produce contraction in the healthy fibres which remain, so 
that the net result is a muscular contraction which only 
differs from a normal contraction in the fact that it is less 
forcible than in health. In the third place, the direct appli- 
cation of the galvanic current to the degenerated muscular 
fibres produces contractions more readily than in health, the 
polar sequence is altered and the character of the contractions is 
modified ( = 'the reaction of degeneration '); but the direct appli- 
cation of the galvanic current to the healthy muscular fibres 
produces the normal healthy reaction. The net result depends 
upon the proportion of diseased to healthy muscular fibres. 

In the imperfect form, therefore, of the * reaction of degene- 
ration,' such as is met with in progressive muscular atrophy, 
muscular contractions can be produced by the application of 
the faradic and galvanic currents to the ner\'e trunk, and by 
the direct application of the faradic current to the muscle, 
but such contractions are less forcible than in health, and less 
evenly distributed over the affected muscle. It is iHipossible 
to conclude therefore from the application of the galvanic 
and faradic currents to the nerve tnink, and of the faradic 
current to the muscle, that the ' reaction of degeneration * is 
present ; but the direct application of the galvanic current to 
the muscle excites contractions more readilv than in health, 
the ' anode ' tends to take the place of the ' cathode,* and the 
contractions to assume the characters which are seen in the 
'reaction of degeneration' when typically developed. The 
extent of these (qualitative galvanic changes varies directly 
with the extent of the lesion and the condition of the mus- 
cular fibres. 

Another partial form of the ' reaction of degeneration ' has 
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been observed by Eemak and Erb in subacute atropine spinal 
paralysis. In the case observed by Erb, ' every kind of direct 
and indirect excitation of the muscles, even instantaneous 
stimuli, invariably produced sluggish contractions. This,' as 
Professor Erb states, 'is usually not the case with partial 
RD., such contractions occurring only upon direct galvanic 
excitation of the muscle; its faradic excitation, like its in- 
direct excitation by either current through the nerve, yields 
only the normal rapid, short-lived contraction. But all this 
was altered in our case.' ^ 

To this peculiar partial form of the reaction of degenera- 
tion Remak has given the term 'faradic RD.* ; Erb proposes 
to call it ' the partial RD., ivith indirect slow contraction.* 

The Clinicai significance of the rea^ion of degeneration. — 
Tlie 'reaction of degeneration' occurs in its most t}T)ical 
form in severe periphery paralyses, and in those cases in 
which the trophic nerve nuclei are rapidly destroyed ; it is 
therefore met with in polio-myelitis anterior acuta, and 
acute myelitis involving the anterior comu. In transverse 
myelitis it is, of course, only observed in those muscles sup- 
plied by nerves arising from the affected segment. (See tig. 
59, page 60.) 

MECHANICAL IRRITABILITY. 

The mechanical irritability is tested by tapping the 
paralysed muscles with the tip of the finger, the side of 
the hand, or a percussion hammer. 

As a rule the mechanical excitability of paralysed muscles 
is hwered. 

Increased mechanical excitability occurs: — (1) In those 
cases in which the electrical (galvanic) excitability is in 
excess, i.e. where the 'reaction of degeneration' is well-marked. 
According to Erb the increased excitability to mechanical 
stimuli appears in these cases later than the increased ex- 
citabUity to galvanic stimuli. 

(2) Where the deep retiexes are excessive, as in cases of 
lateral sclerosis. Here the increased excitability is probably 
of reflex origin ; though it may possibly be due to perverted 
nutrition of the reflex centre {i.e. the large nerve cells of the 
anterior comua). 

' Brain, April 1883 p«ge 17. 
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(5) The Tonicity of the Muscles. — In cases of spinal 
cord disease the tonicity of the muscles may be normal, dimin- 
ished or increased. 

Flaccidity or Diminished Tonidiy, 

It may be stated as a general rtde, that flaccidity occurs 
in those cases in which the paralysed muscle is atrophied. 
Exceptions occasionally occur — where, for example, rigid 
muscles become atrophied, a combined condition of tension 
and atrophy may for a time, at least, be present, as in amyo- 
trophic lateral sclerosis. 

Flaccidity, therefore, occurs in those spinal diseases in 
which the lesion involves the anterior comua. It is also met 
with in many functional derangements, in mild cases of 
myelitis, and in severe cases of myelitis prior to the onset of 
secondary descending degeneration.^ 

RigidUy and Tendon {increased Tonicity!) 

Rigidity and tension occur in those cases of spinal cord 
disease in which there is irritation of motor nerve tissue. 
The irritation may be direct or reflex. Possibly in some cases 
it (the rigidity) is due to arrested cerebral controL Other 
irritative phenomena, such as twitchings, tremora, cramps, 
spasms, contractures, are often associated with the increased 
muscular tension. 

Clinically, rigidity and tension are met with in the follow- 
ing affections : — 

(1) MeninQitis. — Here the rigidity may result from 
(a) direct irritation of the anterior (motor) roots; (6) irritation 
of the posterior (sensory) roots, and resulting reflex spasm ; 
(c) increased excitability of the grey matter of the cord. 

(2) Sclerosis of the pyramidal tracts (primary lateral scle- 
rosis, and secondary degenerations). — The exact manner in 
which lesions of the crossed pyramidal tracts cause tension in 
the muscles is still undetermined. Some authorities suppose 
the rigidity is due to diminished or arrested cerebral control, 
and to the increase of the reflexes (especially of the dee]> 
i-eflexes) which results therefrom. Others think that irritation 
of the motor fibres in the pyramidal tracts is produced by 
the process of secondary descending degeneration, the iniUi- 
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tion being propagated to the multipolar nerve cells of the 
anterior cornua, and thence to the muscles. Both explana- 
tions are probably correct. 

(3) In some cases of hysterical paraplegia the muscles 
are rigid, the deep reflexes are increased, in short, the condition 
exactly resembles the spastic paraplegia of organic disease. 

The distribtUwn of the rigidity. — In cases of meningitis, 
the flexors are, as a nile, chiefly involved ; the thigh, for ex- 
ample, is flexed on the abdomen, and the leg on the thigh. In 
lateral sclerosis the extensors are most affected ; in advanced 
cases the patient lies in bed with the legs rigidly extended, 
the thighs adducted, and the feet inverted ; in the earlier 
stages he is able to walk with the help of sticks. Tlie term 
spastic or spasmodic paraplegia is usually given to these 
cases. 

Fibrillary twitchings or tremors. 

Fibrillary twitchings are produced by the contraction of 
individual muscular fasciculi. The skin covering the mus- 
cular fibre appears suddenly raised and stretched as if a 
thread were made tense beneath it The patient is geneiiilly 
conscious of a ' quivering ' sensation in the affected part. 

Fibrillary twitchings were formerly thought to be patho- 
gnomonic of progressive muscular atrophy. It is now known 
that they occur in many other conditions. They are seen in 
some cases of hypochondriasis, in which the patient gives 
great attention to his limbs, believing that he is the subject 
of spinal cord disease. As Professor Charcot points out, these 
])atients are usually medical men or medical students. Fibril- 
lary twitchings are also observed in cases of functional dis- 
order associated with ' irritable * weakness of the spinal cord. 
They are seen in all cases in which motor nerve tissue is 
undei^ing destruction, but especially where motor nerve 
cells are being slowly destroyed. Fibrillary twitchings occur 
therefore in many different forms of spinal disease. They 
are constantly met with in progressive muscular atrophy.* 

I I do DOi meao to imply that fibrilUrjr twitching cmn alwajB be w*en un casual 
ubaerTatiofii of a case of profcresaive muacular atroptiy. They will, I think, always 
be aotloed during the actire period of the diffease, provided that the affected muscle 
is obaarred for a suffidantly long period. Exposure of the affected part, or 
geotJe irritation of the muscle, such as stroking the skin, sometimes excites the 
contraction. 
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Contracture, 

In many cases of atrophic paralysis a permanent condi- 
tion of shortening and consequent deformity results, to which 
the term contracture, is applied. In some of these cases, 
the rigidity depends upon cirrhosis of the affected muscles 
(atrophy of the muscular fibres, the production and sub- 
sequent contraction of fibrous tissue). In others the con- 
tracture is due to unrestrained action of one set of muscles, 
their opponents being paralysed. Mechanical pressure on 
paralysed parts may also aid in its production. Contractures 
are common as the result of infantile paralysis. 

(6) The condition of the Keflex Movements. — ^The 
examination of the reflexes is a most important means of 
asceitaining the condition of the segment through which 
the reflex passes. 

Persistence of the reflexes. — The presence of a reflex in any 
segment shows that the reflex path is still open, t.«. that 
there is no serious disease in that portion of the segment 
through which the reflex impulse travels. 

The presence of a reflex in any segment does not of necessity 
show that there is no serious disease in the segment The 
postero-internal columns, the lateral columns, and the columns 
of Tiirck may, of course, be absolutely destroyed without any 
injury to the reflex track. 

The absence of a reflex in any segment does not neces- 
sarily prove that the segment is diseased; for the reflexes 
are sometimes absent as a physiological idiosjmcrasy, and in 
most healthy individuals it is difficult or impossible to de- 
monstrate the gluteal, epigastric and inter-scapular skin 
reflexes ; the ankle clonus, however, is never present except 
in disease. Again, the reflex impulse may be ' blocked ' out- 
side the cord as the result of lesions of the centrifugal or 
centripetal fibres of the reflex arc. Possibly, too, the cerebral 
control may sometimes be so excessive as to completely 
inliibit the reflex movements. 

Abolition of the reflexes. — Spinal lesions which destroy 
the posterior roots, postero- external columns, that portion of 



THE SPINAL CORD. 121 

the grey matter through which the reflex travels, the anterior 
root-fibres, or the anterior roots, will cause a break in the 
reflex arc.^ 

Indiscriminate lesions may involve any of these parts, 
and may therefore produce abolition of the reflex movements. 
The system lesions, in which the reflexes are abolished, are 
locomotor ataxia (sclerosis of the postero-extemal columns), 
polio-myelitis anterior acuta, and progressive muscular 
atrophy. In the two latter affections the reflexes are only 
completely abolished when all of the multipolar nerve cells 
of the affected segment are destroyed. (See figs. 55 and 56.) 

Exaggeration of the reflexes is, in the great majority of 
cases, due to disease of the lateral columns, and is usuaUy 
associated with secondary descending degeneration. It may, 
however, result from increased excitability of the grey matter. 

It is important to remember that disease of the lateral 
columns of the cord usually produces exaggeration of both 
forms of reflex movement (superficial and deep). In cere- 
bral lesions, on the contrary, the deep reflexes are ex- 
aggerated, but the superficial reflexes are diminished or 
abolished. 

In some cases of spastic paralysis io which the deep reflexes are in 
marked excess, little or no movement results on tickling the soles. The 
usual flexion of the leg on the thigh, or thigh on the ahdomen, does not 
occur in these cases, because of rigidity of the opponent muscles. Care- 
ful obserration in such a case will usually show that the stiffness and 
rigidity of the limb are decidedly increased by the tickling. It must 
not, therefore, be hastily concluded that in cases of this description the 
superficial reflexes are abolished. 

The auperjwial refl^exes, 

I>r Growers, who has given great attention to this subject, 
describes a plantar, gluteal, cremasteric, abdominal, epigastric, 
and interscapular skin reflex. 

' It !■ poMible that the tQperflcial reflexes pass directly into the poeterior 
bom of grey matter, while the deep reflexes paM throagU the poarero-extemal 
oolmna. It is possible in this way to explain the undoubted clinical fact, that in 
the earlier stagss of locomotor ataxia, i.e, while the lesion is limited to the postero- 
extemal oolamn, the deep reflexes are abolished, but the superficial reflexes may 
be retained. (See page So.) 
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The plantar reflex is almost always present in health. The 
abdominal reflex can also usually be obtained. The cremas- 
teric reflex is, as a rule, well marked in children, but often 
absent in adults. The gluteal, epigastric, and interscapular 
reflexes can seldom be demonstrated in the healthy individual. 

1. TheplaTitar reflex is obtained by irritating the skin of 
the sole, the result being a contraction of the foot muscles, or 
when the reflex radiates, as it often does, a contraction of 
the muscles of the thigh and leg. When confined to the 
foot muscles the reflex passes through the lower part of the 
lumbar enlargement. 

2. The glvieal reflex is obtained by irritating the skin of 
the buttock, and consists in contraction of the gluteal muscles. 
It passes through the cord at the level of the fourth or fifth 
lumbar nerves. 

3. The creTnusteric reflex is obtained by tickling the skin 
on the inner side of the thigh, the knees should be drawn up 
and the thighs separated ; it consists in retraction of the 
testicle on the same side. It passes through the cord at the 
level of the first and second lumbar nerves. This reflex is 
often absent in the adult. 

4. The aMominal reflex is obtained by stimulating the 
skin of the side of the abdomen in the nipple line. It con- 
sists in contraction of the abdominal muscles, and passes 
through the lower part of the dorsal region of the cord from 
the eighth to the twelfth nerves. 

5. The epigastric reflex is obtained by stimulation of the 
side of the chest in the fifth and sixth interspaces. It consists 
in the dimpling of the epigastrium from contraction of the (?) 
upper part of the rectus abdominalis. It passes through the 
cord at the level of the fourth, fifth, and sixth dorsal nerves. 

6. The interscapular reflex is produced by stimulation of 
the skin between the scapulse, and consists in contraction of 
some of the scapular muscles. When slight it is chiefly marked 
at the posterior axillary fold (teres) ; when more considerable, 
it involves almost all the muscles attached to the scapula 
(trapezius, teres, serratus), and even moves the bone a little 
outwards. It passes through the cord at the level of the three 
upper dorsal and two lower cervical nerves. 

To elicit the superficial reflexes, the skin should he gently 
scratciied with a fine pointed instrument, such as the point of 
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a pencil, or the end of a tuning fork. The finger does well 
enough in most cas^, but a fine point is better. 

Tfu deep reflexes} 
The bust known are the patellar tendon retiex, aud the 
ankle clonus. In diseased cnnditinns, reflex movements can 
often be produced by tapping the tendons of the upper 
extremity. 

The hnee~reJUx {patellar-tendon-rejlex or knee-jerk), whicli 
is probably not a simple reflex such as the plantar reflex, is 
best obtained by striking the ligamentum patellie when the 
knee is semiflexed and the foot at rest The patient should 
be seated with his legs dangling over a high table in a 
pendulum-like manner, as shown is fig. 88 ; or, the leg may 




Flo. na--J/«*«f ofabUtinhtg tlit P-lt/lur 7>»i/.« Ht/lrr. 

Ilciw is, i« B Udve iirevlunil; 
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be crossed over its fellow, a.s represented in fig. 89. The 
tendon should be struck just below the patella with a per- 
cussion hammer, the side of the hand, or the ear-piece of a 
stethoscope. The knee must be quite relaxed. When there 
is any doubt as to the presence of the phenomenon, 1 am iu 
the habit of banding the patient's eyes ; it is then possible 
to strike either tendon without the patient being aware that 
you are going to do so. Care must be taken not to confound 
the movement of the leg, which results from the impulse of 
the blow, with the movement which depends upon contrac- 
tion of the muscle. The reflex centre is situated in the 
lumbar region of the cord, in the segments corresponding to 
the second, third, and fourth lumbar nerves.' 



Fio.89.— J/ertodo/o( 



Kiiee clonus. — In some cases in which the knee-jerk is 
very much exaggerated, a single blow upon the tendon is 
followed by several contractions of the quadriceps muscle, 

I ProIesKir Waslphkll points out, th»t occB«inii«Uy ■ tnw rafloi cm bo ohUiDCd 
b}- irrililioD of the akjo over the iwtelU, which reiemblsa, but must not b« com- 
fauDded with the ordioirj knee-jerk. — {Arckiv.far Ftt/cUalrit, toL lil. put S 
Ua; 1883, quoted by Dr de W«ttevil1e, in £nui, Jnly 188S, p. 386.) 
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and a clonic spasm of the leg is produced ; this knee clonus 
may, in such cases, be still better demonstrated by drawing 
the patella downwards, having grasped it firmly between the 
foreiinger and the thumb of the left liand, and then tapping 
the tendon between tlie quadriceps and the patella ; if the 
pressure on the patella (i.e. on the quadriceps, for the effect 
{>f pulling upon the patella is of course to extend the 
quadriceps) be kejit up, a well marked knee clonus can be 
demonstrated. 

The ankle rlojtus is a rhythmical movement of the foot, 
due to rhythmical contraction of the calf muscles. In order 
to obtain it the foot must be suddenly Hexed at the ankle by 
pressure upon the balls of the toes ; the leg should be extended, 
but not fully. (See fig. 90.) 




FlO. 90 —ilttkodo/ttlaiiuag tki Ankit CbmHM.—(A/lfr Gas 



A modification of the ankle clonus has been described by 
Dr Gowers, and termed by him the front-tap contraction. He 
states that it is a very delicate test of morbid irritability, and 
can often be obtained when the ankle clonus cannot. To 
obtain it a tap must be made on the muscles of the front of 
the leg during passive flexion of the ankle. 

The ankle clonus cannot be obtained in health. It is seen 
in cases of spastic paraplegia and is ver)' valuable evidence 
though not pathognomonic, of ui^nic disease, viz. sclerosis of 
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the lateral columns. It is also seen in the hysterical (func- 
tional) form of spastic paraplegia ; this point will afterwards 
be refeiTed to in more detail. (See page 300.) 

Deep reflexes can sometimes be obtained in the upper 
extremity. They are seldom, if ever, present in health, and 
are chiefly valuable as evidence of secondary descending de- 
generation resulting from cerebral lasions. 

Paradoxical contraction. — The term paradoxical contraction 
has been applied by Westphall to a peculiar form of contrac- 
tion which is sometimes observed when the two extremities 
of a paralysed muscle are suddenly approximated. In some 
cases, for example, in which the lower extremities are par- 
alysed, and the feet are extended on the leg, i.e. in a condition 
of plantar flexion, it is found on suddenly flexing the foot 
on the leg, i.e. on producing dorsal flexion at the ankle, that 
the tibialis contracts, its tendon stands out prominently, and 
the foot is maintained, it may be for a considerable time, in 
the position of dorsal flexion. The exact significance of the 
condition is not yet exactly known ; the same form of con- 
traction has been observed in other muscles than the tibiali 
anticus. . 

THE ORGANIC REFLEXES. 

The more important organic reflexes which have their 
centres in the spinal cord, are the vesical and rectal. 

THE VESICAL REFLEX.* 

Micturition is a complex process, the exact mechanism of 
which is not, perhaps, yet definitely understood. The nen^ous 
and muscular arrangements concerned are as follows : — 

The neck of the bladder is suiTounded by circular muscular 
fibres — the sphincter vesicae muscle — which are supposed to 
be maintained in a constant state of contraction. By virtue 
of the action of tlie sphincter, and, to a less degree, of the 
resistance of the elastic fibres of the urethra, the exit of urine 
is prevented. The contraction of the sphincter is due to the 
action of a tonic centre which is situated in those segments of 

1 The mechaDism of urioatioii belongs, of course, to the physiology of the cord. 
The description of the process has been purposely deferred, in order thst the 
derangements which occur in disease niay lie more readily nnderstood. 
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the spinal cord which correspond to the 2d, 3d, and 4th sacral 
nerves. The action of the tonic centre can be inhibited, 
i,e. the sphincter can be relaxed, by a voluntary eflbrt. 
The course of the inhibitory fibres in the cord is un- 
determined, but they probably pass through the lateral 
columns. Dr Gowers supposes that the centre for the sphincter 
can be inhibited, i.e. the muscle can be relaxed, refiexly, by 
sensory stimuli from the mucous membrane of the bladder 
itself. Such a supposition would undoubtedly well explain 
some points of the process, and is adopted in the foUo^'ing 
description. 

The expulsion of urine is effected hy the contraction of the 
muscular fibres in the w^all of the bladder — the detrusor urinae 
— aided by the contraction of the voluntary muscles in the 
abdominal wall.^ According to Goltz, the contraction of the 
detrusor is a purely reflex act. Tlie reflex centre, which is 
situated in the segments of the spinal cord corresponding to 
the 3d, 4th, and 5th sacral nerves, is set into action by stimu- 
lation of the sensory fibres in the mucous membrane of the 
bladder. 

Many authorities believe that the reflex process can be 
strengthened, and some say that it can be set into motion by 
a voluntary efibrt. Professors A. Mosso and P. PeUacani, 
conclude, as the result of elaborate and careful experiments 
on the human subject, * that every psychical act, intellectual, 
emotional, volitional, as well as every vsensory, perception, is 
accompanied by a contraction of the bladder.' Moreover, they 
prove that the bladder can be made to contract by a pure act 
of the will apart fn)m any sensorj' reflex, without the con- 
comitance of abdominal pressure.^ Like many other reflex 
acts, it can be inhibited by an effoit of the will. 

Some authorities conclude that the centres for the de- 
trusor and sphincter muscles are antagonistic, and that an 
impulse from the brain, which inhibits the action of the 
sphincter centre, of necessity excites the action of the 
detrusor; and vic^ versd. Whether this is so in reality is 
<ioubtful. Aca)rding to Professors ^fosso and Pellacani there 
is no antagonism between them, every contraction of the one 

I Potdbljr the tooic contraction of the sphincter may be dae to Home local 
nerroas mecbanism. 

« S^ Ut/oiKtioms de la Vestie, By Prof. A. Ho«so and P. Pellacani, qnoted in 
M,jQlyl8S2,p.28D. 
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being accompanied by a contraction of the other ; accordiug 
to these observers it ia only when the coutraction of the 

detrusor becomes sufficiently powerful to overcome the resist- 
ance of the sphincter that tlie expulsion of urine is effected. 
The iiiliibitory fibres probably pass down tlie lateral columns 
of the cord. 

The parts concerned in micturition, while at rest, are 
diagram matictiUy represented in tig. 91. 
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The mechanism of micturition then, so far as it is at pre- 
sent known, would seem to be as follows : — 

1. When the bladder becomes sufficiently full of water, or 
rather, as the experiments of Professors Mosso and Pellacani 
seem to show, when the pressure on the interior of its w^alls 
is raised to a certain height, the sensory nerve filaments in 
the mucous membrane are stimulated, and an impression is 
conveyed along the sensory nerves to the reflex centres for 
the detrusor and sphincter muscles in the spinal cord, and to 
the sensorium. 

2. As a result of the sensory impression conveyed to the 
brain the desire to urinate is experienced. 

3. As a result of the reflex impulse carried to the spinal 
cord, the action of the detrusor centre is stimulated, while the 
action of the sphincter centre is inhibited, or, according to 
Professors Mosso and Pellicani, both centres are stimulated, 
the action of the detrusor centre ultimately overcoming that 
of the sphincter. (In the diagrams, figs. 91, 92, and 98, the 
centres for the detrusor and sphincter are represented as 
mutually antagonistic, and a stimulus which excites the one 
is supposed to inhibit the other. The reader can easily alter 

Descuiption op Fig. 01. 

Diagrammatic Ptpresmtation of the parts concerned in the meciianitm of mictyritioH 
while at rest. — iA/Ur Govera, Ind comridtrabljf mocijied.) 

Tba sphincter muscle (8 M) is in s ntste of cuutraction, the result of uerye 
fcjfoe oootiiiaallj sent to it from its tonic coutre (C S .\i) in tbo spinal cord, 
through JM, as indicated by the arrow. 

V sBs the bladder, which is represented as empty. S M, sphincter muscle. 
D M, detrusor muscle. A M, abdoiuiual muscles, mm^ mucous membrane of 
bladder. B, the brain. C D M, spinal centre for the detrusor muscle. C S M, 
spinal centre for the sphincter muscle. t>, sensory libre proceeding from the 
macoos membrane of bladder up to the spinal cord and brain, c/m, motor ner^e 
froin the spinal centre for the detrusor muscle. «in, motor nerve fn>m the spinal 
ceotre for the sphincter muscle, b nerve filament procec^^liug from the bmin t4i 
the spinal centres of the detruwjr and sphincter muscles. An impulse from the 
brain tlirough 6 inhibits the sphincter centre (dotted line) and excites the de- 
lr«eor centre, as shown in fig. 92, 6*, Xerve fiUroent proceeding from the brain to 
the spinal centres of the sphincter and detrusor muscles. An impulse along l/* 
strengthens the sphincter and inhibits the detrusor centre. 6' Nerve filament from 
the brain to the abdominal muKclcs. 

A ole.— When the bladder is empty its walls are colls psed. The condition 
represented in the figure is purely diagrammatic. 

1 
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the diagram in order to represent tlie more recent riew of 
Professors Mosso and Pellicaui, by supposing that etimtili 
conveyed along the interrupted lines are less powerful than 
those carried by the contitiiions lines). 

If the circumstaruxa for nrinalion are faimurabU, an im- 
pulse is sent from the brain to i (a) the tonic centre for the 
sphincter, inhibitiug its action, and causing relaxation of the 
sphincter muscle ; (b) the centi'e for the detrusor, strengthen- 
ing its action which lias been already excited by the reflex 
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impulse from the bladder ; and tx) (e) the abdominal muscles, 
causing their active contraction. In health all these processes 
are simultaneously accomplished, and urination is the result. 
The mechanism of the process is di^^mmatically represented 
in fig. 92. 

If the circum^a7ices are 7wt conrenient far urination^ the 
process can be prevented by: (a) voluntary inhibition of 
the centre for the detrusor; (b) the (voluntary) contraction 
of the urethral muscles at the neck of the bladder; and 
possibly, too, the strengthening of the tonic centre for the 
sphincter. The manner in which the process is inhibited by 
a voluntary effort, is diagrammatically represented in fig. 93. 

AUeraiiotis of the process of uHnation which occur in 
disease, — Disorders of urination are very frequent in disease, 
and result from derangement of the mechanism which I have 
just described ; and since the chief part of that mechanism is 
situated in the lower portion of the spinal cord, it follows that 
the greatest disturbance in urination will occur when the 
lumbar portion of the cord is the seat of the lesion. 

The following are the effects produced by lesions of the 
different parts of this nervous mechanism : — 

1. Excessive stimulatum of the ceviripetal nerves. — ^Vhen 
the sensorv nerve filaments in the mucous membrane of the 
bladder are abnormally sensitive, as in cases of cystitis, a 
small quantity of urine will suffice to set up tlie reflex process ; 



Deacuiption op Fio. J»2. 

I/iofframmatir rrprentntfition of the parts concerned in the process of mietwrUion 

v&iie in action. 

The bladder (V) in full of urioe. Tbe mucous niembraue (nun) it stimulated , 
aa iropreadon is geoerated, sod is carried b}' tbe sensory (centripetal) nerye (S) to 
tbe brain (B), and to tbe spinnl centres for the detrusor (C D M), and sphincter 
^C S M). From tbe brain an impulse is sent (1) along tbe nerve (6) which 
•Ireogthens tbe action of tbe detrusor centre (C D M), and inhibits the actiou 
of the sphincter centre (C S H); (2) along the nerve (6'), which throws the 
nbdomiDal muscles (AM) into actiou. 

Tbe reflex impulse which has passed from the mucous membrane of tbe bladder 
to ibe spinal cord, excites tbe action of the detrusor centre, and inhibits the action 
of tbe sphincter centre. 

Tbe fioml result Is eoutraction of the detrusor muscle (DM), relaxation of tlio 
sphincter muscle (8 M): and the expulsion of urine. The arrows indicate the 
direction of the nerve * currents.* 
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increased frequency of micturition and spasmodic contractions 
of the (letriiaor muscle result. A foreign body (such as a stone) 




II'. A rrAri ini|iulH?' pawea (rom tbe m 
I mil bruin; but tiirronditioDRroriiriiutioDarBnnt ftvonr- 
■ivfiiTv «eul fmni ihc briin (Kl ulaug (be ijmtv (t*), whlcb 
le .k'lnisor nntn- |C D Ht.iuil ttrengtl^D* tboictioo of 
-SMI Ttie ti»iil rwtilt beinR Bmi conlnu:tiuD of tbv 
\ ntul ■•■i.-i-ipuljioii u( uriw. TliF irrairi iadiale tkr 
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will produce excessive stimulation of the sensory nerves, even 
when the mucous membrane is healthy, but as a matter of 
fact, cystitis is nearly always present in such cases. Irritation 
in the rectum may also excite the reflex mechanism. Some 
cases of nocturnal incontinence in children are probably in- 
duced in this manner. 

2. Destruction of. the sensory (centHjfetal) nerve JUamtiUs 
will, of course, prevent the reflex impulse passing to the 
spinal cord. Expulsion of urine can still, to some e.xtent, be 
effected by voluntary effort, chiefly by means of the abdominal 
muscles. This condition is of more theoretical than practical 
importance. It might result from the pressure of a tumour 
or inflammatory products on the nerve tnmk or posterior 
nerve roots. 

3. DestrvHion of the reflex centres in the sfrinal cord, — 
Destruction of the reflex centres may result from myelitis, 
haemorrhage into the cord, traumatic injuries, etc. The sphinc- 
ter and detrusor muscles are, of course, paralysed. There is 
generally paraplegia and paralysis of the rectum. 

Sudden injuries (traumatic and inflammatory, etc.) of the 
spinal cord above the lumbar region are also attended with 
arrested functions of the urinary centres. In cases of this 
description, the urinary reflex is re-established as soon as the 
effects of shock pass off (provided, of coui-se, the lumbar cord 
remains unaffected). In many of these cases the conducting 
paths to and from the brain are interrupted with the results 
described below. 

Destruction of the detrusor centre produces paralysis of the 
detrusor muscle, as a result of which urine collects in the 
bladder (retention) : after a time the sphincter gives way, and 
incontinence occurs. 

When the action of the detrusor centre is impaired but 
not destroyed, the paralysis is incomplete. In these cases 
the contraction of the alxlominal muscles takes a larger share 
in the process than in health. The expulsive i>ower is dimin- 
ished ; the patient cannot empty the bladder when lying on 
his back ; in order to complete the process satisfactorily, he 
has to stand up, i.e, to place the parts in the best hydrostatic 
condition for the exit of urine. 

Paralysis of the detrusor from destniction of its reflex 
centre is almost invariably associated with paralysis of the 
sphincter. 
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Destnictiou of the sphincter centre produces paralysis 
of the sphincter; the urine dribbles away; this condition 
is termed incontinence of urine. When the sphincter is 
paralysed, any sudden movement on the part of tlie patient — 
laughing, coughing, etc. — forces away urine. 

Paralysis of the sphincter is very rare per se. It is nearly 
always associated with a similar affection of the detrusor 
muscle and with paralysis of the rectum. 

4. Destruction of the centrifugal (motor) nerves. — Destruc- 
tion of the motor nerve to the detrusor muscle will, of course, 
produce paralysis of that muscle. As I have previously re- 
marked, this condition is seldom, if ever, met with in practice. 

5. Interruption and destruction of the conducting paths to 
and from the brain above the reflex centre are of frequent 
occurrence. If the lesion is a sudden one, the shock to 
the urinary centres may cause temporary arrest of func- 
tion. In chronic cases the effects of the lesion vary with its 
position and extent. When the sensory conductors or sensory 
perceptive centres are affected, the desire to urinate is not 
perceived; the reflex arc is uninjured, and as soon as the 
bladder becomes sufficiently distended with urine, it is 
evacuated unconsciously. It must be remembered, therefore, 
that the involuntary discharge of urine and faeces in cases 
of coma does not necessarily imply any paralysis of the 
bladder or rectum. 

When the motor and inhibitory fibres are alone interfered 
with, the desire to urinate is perceived, but the act takes place 
quite independently of volition. It can neither be assisted nor 
prevented. 

INCONTINENCE AND RETENTION. 

Incontinence and retention of urine are the sjrmptoms 
which result from the lesions I have just described. 

INCONTINENCE OF URINE.. 

Definition, — The escape of urine either against the will 
or without the knowledge of the patient, and without his 
being able to control its flow. It may be due to : 

1. Mechanical causes — Such as a vesico-vaginal fistula. 

2. Spasmodic contraction of the detrusor muscle. (Spasmo- 
dic incontinence.) In spasmodic incontinence the involuntary 
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discharge of urine occurs at intervals, and between times the 
patient has full control over his bladder. This is one of the 
most frequent causes of the nocturnal incontinence of children. 
The spasms may be due to a local source of irritation acting 
reflexly, as worms in the intestine ; or, it may be part and 
parcel of a general spasmodic condition (epilepsy). Occasional 
nocturnal incontinence should always therefore suggest the 
possibility of epileptic fits. 

3. Atanyor paralysis of the sphincter vesuw, — Where the 
sphincter is completely paralysed the incontinence is constant, 
the patient never has command over his bladder, the urine 
dribbles away, and is L'able to be forced away by any sudden 
effort, such as coughing. The urine is often ammoniacal. 

Where there is simply atony of the sphincter, the incon- 
tinence may only occur occasionally. This is probably an- 
other cause of nocturnal incontinence in children ; the incon- 
tinence rarely occurs during the day; the atony becomes 
aggravated during sleep; these patients are frequently deli- 
cate, but there are no associated nerve symptoms such as 
are present in most cases of paralytic incontinence; the 
urine is normal ; the condition is generally easily amen- 
able to treatment. Paralysis of the sphincter sometimes 
results from local injury, as after the rapid dilatation of the 
female urethra, or inilammatory affections of the muscle. 
It frequently follows retention, the sphincter after a time 
yielding to the pressure of the retained urine, and incon- 
tinence resulting. In these cases the important diagnostic 
point to be determined is, — What is the cause of the reten- 
tion? Is it due to a local (generally temporary) or central 
(often permanent) condition ? 

In all cases of incontinence of urine, especially where 
there is no associated condition of the rectum and limbs, a 
careful examination of the bladder should be made with the 
catheter, etc. 

4. Cerebral Incontinence. — ^Where the urinary reflex arc is 
uninjured, but where there is a lesion (in the cord above the 
lumbar region, or in the brain), which interrupts the conductors 
or destroys the cerebral centres, the urine is discharged at 
irregular intervals, and in a good stream, but the desire to 
urinate is not perceived, and the act cannot be restrained. 
This form of incontinence may, for the sake of convenience, be 
termed cerebral. 
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The differential diagnosis of a case of incontinence, — The 
points to be determined are : — 

1. Is the incontinence mechanical, spasmodic, paralytic, or 
cerebral ? 

2. If spasmodic, is it due to local or central causes ? 

3. If paralytic, is the paralysis due to local or central 
conditions ? 

4. What is the exact seat and pathological character of 
the lesion ? 

In trying to solve these questions, attention must be 
directed to the following circumstances : — 

1. The local condition of the urethra, bladder, rectum, etc 
(Careful local examination.) 

2. The exact character of the incontinence. (See abova) 

3. The history and mode of commencement of the attack. 

4. The associated nerve symptoms, especially the con- 
dition of the other parts supplied by the lumbar and sacral 
nerves. 

When the incontinence is due to central causes, an 
anatomical and pathological diagnosis must be made, in 
accordance with the usual plan of diagnosis in spinal and 
cerebral affections. 

The chief points of differential distinction between 
spasmodic and paralytic incontinence are shown in the 
following table : 



Tabular Statement showing the Differential Diagnosis of SpOMnodic and 

Paralytic Incontinence, 





Occarrence. 


Effect of 

iSffort, 

Coughing 

etc. 


Age. 


Condition 
of Urine. 


Associated 

Nerre 
Symptoms. 


Effect of 
TreatmeDt 


Spasjiodic. 


Occasional 
and Inter- 
mittent. 


Nil. 


Generally 
young. 


Clear, acid, 
normal. 


None, 
nnless 
hysteria. 


Oood. 


Pakalytic 




Forces 
away 
Urine. 


Any age, 
bot gener- 
ally old. 


Maybe 

ammo- 
nlacal and 
purulent. 


If central, 
generally, 
a similar 
affection 
of rectum 
and para- 
plegia. 


Very often 
onfaToor- 
able. 
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RETENTION OF URINE. 



Definition, — The accumulation of urine in the bladder, as 
the result of inability on the part of the patient to expel it. 
This may be due to : — 

1. Mechanical causes, such as stricture, enlarged prostrate, 
tumours in the pelvis, traumatic injuries of the urethra. 

2. Spa^smodic contrcLction of the sphincter vesicae. — This con- 
dition may result from local (direct) irritation, after ligature 
for piles, etc., or it may be due to central nervous causes, as 
in some cases of hysteria. 

3. Paraiysis of the detrusor muscle, — Paralysis of the de- 
trusor sometmies follows excessive distention of the bladder, 
as in those cases in which the urine has been voluntarily 
long retained ; occasionally in these cases, though I suspect 
seldom if ever in healthy individuals, the paralysis becomes 
permanent. 

Temporary paralysis of the detrusor also occurs in many 
cases of acute disease of the spinal cord and brain, in which a 
severe shock to the nervous system temporarily arrests tlie 
function of the detrusor centre. 

Paralysis of the detrusor may also result from lesions of 
the detrusor centre, and from lesions of the centripetal (motor) 
nerves passing from that centre to the muscle. Myelitis, 
haemorrhage, or traumatic injuries of the lumbar cord, pres- 
sure on the nerve roots or nerve trunks, are the chief causes 
of this condition. In these cases the paralysis is often per- 
manent, and is generally associated, as has l)een mentioned 
above, with paralysis of other paits supplied by lumbar and 
sacral nerves. Feeble action of the detioisor muscle is seen in 
some cases of general spinal weakness. In these cases the 
action of the detrusor is partly compensated by excessive 
action of the abdominal muscles. 

4. Excessive cerebral control. — If the action of the dertusor 
and sphincter muscles is antagonistic, we may theoretically 
suppose that retention will occur where the cerebral in- 
fluence which inhibits the action of the detnisor centre, 
and strengthens the action of the sphincter centre, is in 
excess. Possibly this is the cause of the retention which is 
met with in some cases of hysteria, and in some other cerebral 
affections 
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Tke differential diagnosis of a case of retention. — The steps 
in the diagnosis are : — 

1. Is the retention mechanical, spasmodic, or paralytic ? 

2. If spasmodic, is the spasm due to local or general 
causes ? 

3. If paralytic, what is the seat and pathological 
character of the lesion ? 

The points to be relied upon in making a diagnosis are 
much the same as those in cases of incontinence, viz.: — 

1. The local condition of the urethra, bladder, rectum, and 
pelvic organs. (Catheter, rectal, and pelvic examination.) 

2. The associated nerve symptoms, especially the condi- 
tion of the other parts supplied by lumbar and sacral nerves. 

3. The history and mode of commencement of the attack. 

4. The general condition, age, etc., of the patiqut 

When the retention is due to spinal or cerebral causes 
an anatomical and pathological diagnosis is to be made in the 
usual manner. 

THE RECTAL REFLEX. 

The mechanism of defalcation is veiT similar to that of 
urination. It must, however, be remembered that the faeces 
are solid or semi-solid ; that they are not discharged into the 
rectum in the same continuous stream, as it were, as urine is 
discharged into the bladder ; and that large hard faecal masses 
may meet with a mechanical difficulty in passing through the 
sphincter. Possibly, too, the intensity of the reflex stimulus, 
conveyed to the spinal cord by faeces of different degrees of 
consistency, may var)'. 

The reflex centre for the rectum is situated in the lower 
part of the spinal cord, in close proximity to the urinary 
centre. 

After the very full description of the urinary reflex given 
above, it is unnecessaiy to say more regarding the rectal 
reflex. Tlie reader is referred to that description. 

THE SEXUAL REFLEX. 

Erection and ejaculation are reflex processes, the centre 
for which is situated in the lumbar i)ortion of the spinal 
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cord. The mode of action of the mechanism is probably as 
follows : — 

Erection, — The sexual centre is put into action by : — 

(a) Irritation of the sensory nei-ves in the glans penis. 

(fc) Cerebral (emotional) influences. — Though the action 
of the sexual centre can be excited and strengthened by 
cerebral impressions, neither erection nor ejaculation can be 
directly brought about by an effect of the will. 

As the result of the stimulation of the sexual centre, an 
impulse is generated which travels along the nerve erigentes 
and inhibits the local ner\'ous mechanism in the blood- 
vessels of the corpora cavernosa; vascular dilatation, en- 
goi^ment, and erection follow. The course of the fibres 
through the cord is not known. 

EjdculcUion results from a more powerful and prolonged 
peripheral irritation, while the activity of the sexual centre 
is further strengthened by emotional impulses. 

Inhibition of the sexual rejlex. — The sexual, like other 
reflex acts, can be inhibited by an efifort of the will, emotional 
impressions, etc. 

Alterations in disease. — Destruction of the reflex centre 
(lumbar portion of the spinal cord), or of the nerve erigentes, 
destroys the power of erection and ejaculation, and causes 
impotence. 

General spinal weakness, a condition which sometimes 
results from sexual excess, is frequently attended by a con- 
dition of irritable weakness of the sexual centre ; erections 
are more readily produced by emotional influences than in 
health, but soon pass off; ejaculation is frequently pre- 
mature. 

Priapism, — Erection without sexual desire — is usually in- 
complete. Occasionally the erection is complete ; it may then 
be painful. The condition may persist for several days. 

Priapism may result from — 

1. Excessive stimulation of the sensory peripheral nerves 
going to the sexual centre, as in gonorrhoea. 

2. Direct irritation of the sexual centre; this cause is 
probably very rare. 

3. Irritation of the fibres which conduct exciting (emo- 
tional) influences from the brain. This is the cause of the 
great majority of cases of priapism which are due to central 
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disease. The lesion is usually situated in the lower cervical 
or upper dorsal region of the cord.^ 

4. Theoretically, priapism may be due to irritation of the 
cerebral centres, which generate the emotional influences 
that excite the sexual centre. Possibly this is the cause of 
the sexual derangements which occur in some cases of insanity. 

Satyriasis, — In some cases of locomotor ataxia, a con- 
dition of satyriasis is met with. It probably results from 
irritation, in the lumbar region of the cord, of the sensory 
nerve filaments, which proceed from the sexual organs upwards 
to the brain. 

The reflex functions of individual segments of the spinal cord. 

In the following table the segments of the cord, with which 
the different reflexes are connected, are shown : 

Tabk skowing the gegments of the cord with which the different reflexes 

are connected. 

Cervical 7"^ 

Do«al ". :::::: i j^ interscapular. 

2J 

41 

^ ^Epigastric. 

;. :;:::::::::::::::::::::: ?] 

Dorsal 8T 

» s) 

„ 10 ^Abdominal. 

, in 

12 1 

* 2 I ^^^'^'^'^teric. 

4) 

5|GIuteal. / 

Sacral n 

2 iPlantar. ] 

3j I Vesical. 

, 4 [ Rectal. 

., 5 J Sexual. 

1 It is an iDteresting fact in tliis connection, tlmt violent palpitation du«» to 
irritation of the (spinal) fibres of the sympathetic in the same regioo, is sometimes 
seen in young subjects as the result of sexual excess. 



»» 
»« 
»» 



Patellar 
tendon. 
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THE CONDITION OF THE PUPIL. 

Alterations in the condition of the pupil are frequent 
in diseases of the spinal cord. In some cases the alteration 
is due to disease in the cilio-spinal region, which, according 
to Budge, corresponds to the two lower cervical and upper 
three dorsal segments; from this cilio-spinal region sym- 
pathetic fibres pass to the radiating muscular fibres of the 
iris; according to Ferrier these fibres pass out of the cord 
through the anterior root of the second (and in some cases of 
the first) dorsal nerve ; irritation of the sjrmpathetic fibres 
produces dilatation, while their sudden destruction is attended 
by contraction of the iris. In others, and these are probably 
the majority, the derangement is due to an associated lesion 
above the cord ; in locomotor ataxia, for example, the loss of 
the pupil reflex to light is a very constant and important 
symptom, and is probably due to a lesion in the neighbour- 
hooil of the corpora quadrigemina. The mechanism of the 
pupil reflex and its derangements belong rather to cerebral 
than spinal patliology. I shall not enter into the subject 
now, further than to say that irritative lesions in the 
cilio-spinal region of the cord may be attended with dila- 
tation, while destnictive lesions may produce contraction of 
the pupil. 

(7) CO-ORDIXATION AND THE MuSCULAR SENSE. — LoCOmotor 

ataxia is the disease ptir excellence in which spinal co-ordina- 
tion is deranged. Before the days of Duchenne, this aflection 
was included with the various forms of motor paralysis, 
under the common term paraplegia ; we now know that there 
is no paralysis, but that the difficulty in walking is entirely 
due to inability to combine (co-ordinate) the muscular move- 
ments of the lower extremities. In the great majority of 
cases the inco-ordination only involves the lower extremities. 
In the later stages of the disease the upper limbs may also 
be affected. 

The inco-ordination results from the fact, that peripheral 
impressions passing from the skin, muscles, tendons, ligaments, 
and joints of the lower extremities, are arrested in the postero- 
external column of the cord : that the reflex grouping of 
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muscles is interfered with, and the perceptive and co-ordinat- 
ing centres are not informed, or are incorrectly informed 
of the maimer in which the muscular movements are being 
carried out. The patient endeavours to remedy the defect by 
the aid of sight. 

Mode of testing co-ordination. — The co-ordinating power 
is tested by making the patient perform dififerent muscular 
movements, and by observing the regularity and order 
with which they are executed. In testing the condition of 
co-ordination in the lower extremities, the patient should 
first be made to walk in a straight line. (In hospitals where 
the floor is uncarpeted, he may be told to follow the line of 
one of the boards). This test is, as a rule, satisfactorily 
accomplished, provided that he is allowed to look at his feet 
and on the ground ; the movements are, however, markedly 
irregular, the legs are thrown out with a jerk, and the heeU 
brought to the ground with a stamp. He should then be 
made to raise his eyes from the ground, and told to walk 
across the room ; the movements now become extremely 
unsteady, indeed, in many cases, the patient dare not, or 
cannot, walk at all. 

The poiver of balancing the body in the erect position is also 
impaired or lost in cases of locomotor ataxia. In testing the 
balancing power, the patient should be made to stand upright, 
with the heels close together. When the co-ordinating power 
is seriously deranged, he is unable to maintain this position, 
even with his eyes open, but requires to separate his feet in 
order to make his base of support as broad as possible. In 
slight cases, closing the eyes when tlie heels are together, 
always makes him totter and fall. Inability to maintain the 
erect position, wlien the eyes are closed, though always pre- 
sent in locomotor ataxia, is not, as was formerly supposed, 
pathognomonic of that affection ; any lesion which arrests 
the upward passage of peripheral impressions from the skin, 
muscles, ligaments, and joints of the lower extremities, will 
necessarily disturb the power of maintaining the body in the 
erect position when the eyes are closed. It must also be 
remembered that weakly, tottering and nervous people, in 
whom there is no loss of co-ordination, verv often fail to stand 
firmly with the eyes closed and the heels close together. 
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ITie muscular sense is tested: — (1.) By observing the 
power of discriminating diflTerent weights. In applying this 
test in the case of the upper extremity, the test objects must 
be identical in every respect except their weight, in order to 
avoid the possibility of the patient getting at the result by the 
aid of sight or touch. Metallic balls of a uniform size, covered 
with leather, answer the purpose well. In testing the muscu- 
lar sense of the lower extremity, the weights must be suspended 
from the foot in a handkerchief or by some other means. 

(2.) By directing the patient, the eyes having been closed, 
to touch a given spot* on the surface of his own body, — say, 
the tip of the nose,— or, when the eyes are closed, to perform 
certain movements, which necessitate a knowledge of the posi- 
tion of the limbs and condition of the muscles. In applying 
this test to the muscles of the lower extremity, the patient 
should be placed on his back in bed, his eyes should then be 
bandaged, and he should be directed to place his legs in various 
positions. He may be told, for example, to raise his foot to a 
given height, and then to lower it slowly until the heel rests 
on the opposite great toe; or, when the legs are crossed to un- 
cross them and place them in contact in some other position. 

THK CONDITION OF THE SENSORY FUNCTIONS OF THE SKIN. 

In testing the condition of the sensory nerve appar- 
atus^ the exact character and distribution of any subjective 
alterations of sensibility, such as pain, numbness, heat, etc., 
mast be carefully noted ; and the objective sensibility to 
touch, pain, and temperature, in the different sensitive areas 
must be investigated. The mode of investigating the sensory 
functions of the skin is as follows : 

Method of testimf the tactile setisibility. — In testing the 
sense of touch, and also the sense of temperature, the follow- 
ing preliminary precautions must be adopted, if accurate 
results are desired : 

1. The nature of the test must be clearly explained to the 
patient, whose intelligent co-operation is absolutely necessary. 

* In health wa cao touch aoy given spot on the turf ace of the body (the eyei 
being cloeed) with quickness and certainty; but when the muscular sense is im- 
paired, the patieni is no longer kept informed of the manner in which the muscles 
ar« contracting, and the movement is more or less imperfectly performed. 
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2. His eyes must be carefully blindfolded, so as to 
eliminate the possibilty of his getting at the results by 
aid of vision. 

3. His statements must, from time to time, be checked 
by blank experiments. This precaution is very necessary. 
Where, for example, the sensibility of the skin is quite 
normal, the patient frequently answers carelessly and er- 
roneously. Blank experiments aid us in detecting this error. 
Again, in cases of anaesthesia, patients who are doing 
their best to answer correctly, often profess to feel contact 
impressions when no contact has been made. Such erroneous 
statements can only be detected by means of blank experiments. 

The following points are then to be investigated : — 

1. The mpacity of perceivin/f contact impressions. 

In order to test this point, the skin is to be gently 
touched with some light object, such as a hair or feather, and 
the patient interrogated as to whether the contact is per- 
ceived or not. 

Any marked departure from the normal rapidity with 
which contact impressions should be perceived, must be noted. 

2. The power of localising contact impressions, — Different 
parts of the skin are touched, and the patient is told to state 
the exact point where he feels the contact. 

3. The degree of semdbility in different localities, — The sen- 
sibility of the skin may be measured in the following ways: — 

{a) Objects of different shapes, such as keys, coins, different 
weights, etc., are placed on the skin, and the patient is asked 
to describe them as accurately as possible. The observer should 
gauge the results by similar contact experiments on his own 
person. 

In estimating the sense of pressure, weights of known 
capacity may be placed on the skin, as proposed by Weber. 
In applying this test, care must be taken to eliminate the 
muscular sense. It is necessary that the part, the pressure 
sensibility of which is being tested, should be placed at rest 
and mtpported. 

{h) The minimum distance at which two distinct contact 
impressions are perceived, is to be ascertained by means of the 
iEstliesionieter ^ (see figs. 94 and 95, on the opposite page). 

This instrument consists essentially of a pair of com- 
passes, the points of which are blunted, so as to avoid the 

1 The .EHtUesiuineter test is a very unsatisfactory on« at tbe bedside. 
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possibility of a contact with the skin producing pain; a 
result which would vitiate the experiment so far as tactile 
impressions are concerned. 




Fioi, M ud 9b.—Digtrtia Form o/tt* jttAaiomiln 
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In using the instxument, the following points must be 
attended to : — 

1. The preliminary precautions mentioned on page 143 
must be carefully observed. 

2. The two points of the instrument must be applied 
simultaneously J and the contact must be a gentle one. 

If one point touches the skin before the other, two contact 
impressions are of course perceived, and the whole object of 
the experiment is frustrated. Again, if the instrument is 
forcibly appKed, one contact only is perceived, or a painful, 
instead of a contact impression may be produced. 

3. In comparing the sensibility of different localities, the 
relative direction of the two points with respect to the axis of 
the limb must always be the same — always transverse, or 
always longitudinal — for the minimum sensibility-distances 
in the transverse and longitudinal directions are somewhat 
different. 

Where the derangement of sensibility is unilateral, the 
standard of comparison for any given locality is theminimum 
distance at which two points can be perceived on the corre- 
sponding part of the opposite (healthy) side of the body. 
Where the derangement of sensation is bilateral the results 
obtained must be compared with those given in the following 
table : — 



Tip of tongue, .... 

Palm of last phalanx of finger, 

Palm of second phalanx of finger, 

Tip of nose, .... 

White parts of lips, . 

Back of second phalanx of finger, 

Skin over malar bone, 

Back of hand, .... 

Forearm 

Sternum, ... 

Back, . . ... 



1.1 m. m. 

2.2 

4.4 

6.6 

8.8 
ll.I 
16.4 
29.8 
39.6 
44.0 
66.0 






Method of testing sensfUbility to temperature, — 1. The pre- 
liminary precautions mentioned on page 143 must be care- 
fully observed. 

2. The temperature sensibility is then to be tested by the 
alternate application of test tubes, containing water at different 
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temperatures. In order to eliminate the possibility of the 
patient arriving at a correct result by the sense of touch, the 
test tubes must be of the same size. 

Care must be taken that the temperature of the test tubes 
difiers from that of the skin, for otherwise a simple contact- 
sensation will be the only result. 

Method of testing the sensibility to pain, — Sensibility to 
pain is best tested by pricking or pinching the skin, apply- 
ing a hot test tube, or a powerful interrupted current to the 
diy skin with dry electrodes. 

In testing the sensibility to pain, the nature of the test 
should not be previously explained^ but the patient should be 
taken unawares; for, if he is prepared for the test, he may be 
able to inhibit any external manifestation of suffering, and to 
falsify the result. 

The sensory functions of individiud segments. — ^The exact 
sensory functions of individual segments hav^ not, as yet, 
been definitely determined, but by referring to figs. 96, 97, 
98, and 99, an approximate idea, at all events, can be 
obtained of the segments with which the sensory nerves 
supplying different tracts of skin are connected. 

Spinal ancBsthesia, like spinal paralysis, is generally 
bilateral and symmetrical. The amesthesia is seldom abso- 
lute. In some cases, all forms of cutaneous sensibility are im- 
paired ; in others, one only is affected, or one escapes ; thus, 
in many cases, sensibility to psdn is lost, while sensibility 
to touch and to temperature remain. Occasionally tactile 
sensations are not perceived, but sensibility to pain and to 
temperature is retained ; much more rarely temperature 
sensations are lost or diminished, while tactile and painful 
impressions are preserved. Subjective sensations, such as 
numbness, tingling, * pins and needles,' are usually experienced. 
Where the lesion involves the posterior root-fibres, before they 
liave joined the grey matter, * lightning' pains are often pro- 
minent. In the great majority of cases other signs of spinal 
cord disease, such as disturbances of motion, are associated with 
the anaesthesia. The sensibility of the face is not affected. 

In unilateral lesions the anaesthesia is situated on the 
opposite side to the lesion in the cord, as is represented in 
figs. 61 and 62. 
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FtG. 96. 
o/tie Ti-M* and Cpptr Ext n m itg . (,A/ter flower.) 
Sa. SapTt clavicular nerve. 
IID, Second doml. 

PS, Poelerior branchee of tlie apiiul uervaa. 
LI, LiUrmI briDcbsi ol the inUrooCtal aervo*. 
AI, AnUrior bnnchee of the intercostal nervw. 
II, Iliac braooh of itio-iugulual nerve. 
I'H', llio-hj-pugaetric nerw. 
C, Circumflex nerve. 
lU, Intercaeto-bumeraL 
W, Serve of irrijberg. 

I'CB, Internal cutaneoue braoch of muacnlo-apinl nerves 
ECU, Eilaroal caluMoue branch oT muaeulo-apiral nerrtt. 
ICK, lotfrnal culaueoa* nerve. 
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Fio. 97. 
Diogram iloaaii^ tkt mode of origin of tin Stntory Ktrrrt of lit Cpptr ExtTtmity. 
V C, VI C, Yil C, VIII C, Firth, aiith, Mvealh, lud eigbIL cervicHl oervea. 
I D, II D, lit D, Firrt, Mcood, uid third dorwl nerves. 
O OntAT, PC postarior, lud IC iaoer, cords ol tbe bruslii*! plexiin. 
HC, Uascalo-eutaneanB acrv«. 
C, OireomDex. 
US, UoKulo-spinl 
U,llediui. 
U, UlDtr. 

IC, I&lcrntl cnUoMms. 
W, Nerre ol Wri«berg. 

Ut I, Pint ; Ind I, Hcond ; sod 8rd I, tbird InlsrcosUI nrrres. 
1. DothI cntansoiu. 
1. Lslaral catueons. 
S. Posterior braneh ol Uterai eutaDBOus. 
4. Aaterlor braoch ol Utsrsl cutsneoDS. 
IH, Intsrcosto-hamersl. 
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IH, llic-hypanstrjc i 
n, lliu-inBuin.1. 
IIL, Sucoad lumbu d 
GO, Genlto-oruraL 
KO, EilernttcuUDSO 
UO, Middla cutniieuui 
10, luUmal cutaneoui 
IS, luterokl npliDuou 
yP, Ploxui pMttlln. 



— (4/k/- FloKfr ) 



Sicnl Floxm. 

orulis psnis of uaille. 

'"""' — ■" krrhoid&lur pi 

iml of pDdl 
at snull leiuic 



r, Sn^wrlii^kl purinml of pudlo and in- 



4, Kmitt sciatic. 

r, llmichps [rimi ext«rDil MpUteaL 

5, Eiternat mphcuoul. 
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PlO. 99. Diagnm thoiciiig Iht nodr. oforigat o 

Ijrvcr Liiiib and Loacr Pari ofthi TruKk. 



I L.I 



; tlL.a 



niL,tblnl; IVL.Ionrlh; 
ud TL. arth hunbar nerrsa. 

I a, ant; lis, •eooDd; 
HIS, third; lV8,foia-lb; 
VS, filth; and VI 5, tlxtb 
aMnlQorvsa. 

DiOommaniDating bnsch 
from lut donaL 

I H, Illt>-hn>oga«trio. 

I, lUao branch to sUn of 
glateal raglon. 

H. Hjpogutrio brmncb to 
■Uo of brpogutiic rrgion. 

II, lUo-laqatna]. 
gc, QenitO'CnmL 
f,0«iuUlbnDch loaper- 

matio oord or ro ud d liguusak 
c, Crural bnach lo skin of 

uppar piurt of front a I thlgli. 
EC, Eitcmtl cDlunoua. 
P, PoMerlor branch to 

■kin of upper ud outer part 

of thigh. 

A.Antrriorbraachtuaklu 

ol front of thi|{b. 

AC, Anlcrior crural, 
HO, Middle cutaneoui lo 

rront of thigh. 

f DD«T part of thigh and lag. 

LS , Inumnl or 1 on g pap b- 
•Dooa. M.MQBcuUrbnnDh. 

k, Bnnoti to knce-joiul. 

O. Obturator nervs. 

IP, Internal paplilraL 

8g, Superior glnteal. 

as. Great adattc 
PT, Poalerial tibtiL 
EP, Extenwl pc^lleal. 
CP, OcmmnnlcaD* peronel. 
AT. Aoterlor llblal. 
MC, HoMulo-cnlaDeona. 
O', Cutaoaoaa lo outer aide of leg. 
ES. External or abort aaphenoui to 
aide of loot 




6S, Small aciatlc. 

10, loferim- gluteal. 

P, Pudic. 

dp, Doraali* peotf aea clltoridta. 

a. Anterior anperflcial perisnL 

pip, Poiterior lupcrflciai perineal. 
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The most frequent clinical causes of spinal anaesthesia are 
sclerosis of the posterior columns (locomotor ataxia), myelitis, 
compression of the cord (acute and chronic), and cerebro- 
spinal sclerosis. 

Spinal Hypercesthesia may be functional, as in cases 
of spinal irritation; or organic. The latter form (organic 
hypersesthesia) is often associated with anaesthesia. The most 
frequent clinical causes of organic spinal hyperaesthesia are 
meningitis, compression of the sensory nerve roots and loco- 
motor ataxia. 

Pain referred to the spinal column. — Pain in the spine is 
a prominent symptom of spinal meningitis ; but it is by no 
means pathognomonic, for it is met with in many other con- 
ditions. It is, however, important to remember that this 
form of pain (i.e. pain referred to the spinal column) rarely 
results from organic lesions of the cord itself. The spinal 
cord, like most other organs — as the liver or the brain — ^may 
be severely inflamed without the slightest pain being ex- 
perienced by the patient. This statement only holds good, so 
long as the lesion is confined to the interior of the organ. 
Should the inflammatory process extend to the serous 
coverings, which are richly supplied with sensory nerves, or 
should it involve the posterior root-fibres before they have 
entered the grey matter, severe pain will be felt. Now, in 
many afiections of the spinal cord, the membranes are in- 
volved ; and in such cases pain in the back iriay be experi- 
enced. 

It will perhaps be well to mention here the more im- 
portant conditions which give rise to pcun referred to the 
spinal column. They are as follows : 

1. Infiammaiory affections of the skin and suhctUaneous 
cellular tissue over the spine. — In these cases there is tender- 
ness on pressure, swelling, and other evidence of local disease. 

2. Muscular rheumatism (lumbago). — The commencement 
of the attack is acute ; the course rapid. .Any movement of the 
affected muscles aggravates the pain, rest and support relieve 
it; there is tenderness on pressure. There is seldom any 
affection of the general health ; there is no marked pyrexia. 

3. Small-pox, yellow fever, and many other infectious diseases 
are ushered in by severe back-ache. — The associated symp- 
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toms, which I need not here describe, indicate the nature of 
the case. 

4. Disease in or about the kidney. — Inflammation of the 
peri-nephritic cellular tissue, a renal calculus, and acute con- 
gestion of the organ, are the chief diseases of the kidney in 
which pain in the back is experienced. The condition of 
the urine, the character of the pain, and the physical examina- 
tion of the lumbar region, are the chief points to which atten- 
tion must be directed in making a diagnosis. 

5. Disease of the vertebrce. — ^This is a prominent cause of 
pain in the spinal column. The bone disease may be pri- 
mary, or it may result from the pressure of an aneurism or 
cancerous tumour. In Pott's disease the general health is, 
as a rule, profoundly affected. Displacements of the verte- 
bne often cause curvature of the spinal column. Tenderness 
on percussion, and especially on movement of the diseased 
surfaces, is highly characteristic, but is not always present, 
for in some cases the disease is for a time limited to the body 
of one vertebra and in such circumstances little or no tender- 
ness on pressure, or pain on movement may be experienced ; 
to avoid jarring of the bones, the patient instinctively keeps 
the spinal column rigid and still ; he will not stoop nor jump 
on his heels for example. Symptoms due to associated men- 
ingitis, pressure upon the nerve roots or cord itself, may be 
prominent features of the case. 

In aneurism, abdominal cancer, and other affections im- 
plicating the spinal column, a careful physical examination 
can alone decide the exact nature of the case. 

6. Uterine disease, vicer of the stomach, etc. — In these cases 
the pain is probably reflex. There is usually no difficulty 
in making a diagnosis. Assuredly, pain in the spine, due to 
these causes, is not likely to be confounded with the pain of 
meningitis or of cord disease. 

7. Neuralgic affections, spinal exhaustion, spinal irritation. 
— In all of these cases pain referred to the spine may be a 
prominent symptom. 

In 'spinal irritation' the patient usually is a young 
woman ; marked hyperacsthesia is often present ; no apparent 
cause for the pain can be discovered ; there is no evidence of 
organic disease of the cord, membranes, or bones ; symptoms 
of hysteria are often present ; the general health is usually 
below par ; anaemia or uterine derangements are common. 
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8. Spinal meningitis both acute and chronic. — In this 
condition pain in the back is usually well-marked. It is 
generally aggravated by movements of the spinal column. 
In the earlier stages, i.e, during the period of irritation, hyper- 
aesthesia of the skin, and sharp shooting pains, radiating in 
the sensitive areas of affected nerves, are usually present 
Symptoms of motor irritation (twitchings, cramps, spasms, 
contractions, etc.) in the muscles supplied by the alTected 
(compressed) anterior roots are also observed, and are due, 
either to irritation of the anterior or of the posterior nerve 
roots. In the latter case the muscular spasms are reflex. 
Paralytic symptoms (anaesthesia and muscular paralysis) may 
subsequently occur. When the inflammation extends to the 
spinal cord itself, symptoms of myelitis, or of slow compres- 
sion, are developed. 

9. Tiimours within the spiTial cord, — The symptoms are 
typical of slow compression. The diagnosis of a tumour is 
sometimes easy, as, for example, where there is associated 
malignant disease elsewhere (in the liver, pelvis, etc.). In 
other cases a positive opinion can hardly be given, and the 
diagnosis can only be arrived at by exclusion. The absence 
of the symptoms and signs of Pott's disease ; the absence of 
any apparent cause of meningitis ; the very gi*adual onset and 
steady advance of the symptoms, etc., are the chief points on 
which reliance must be placed. 

THE VASO-MOTOR AND TROPHIC CONDITION OF THE SKIN AND 

JOINTS. 

Irritation of the fibres of the sympathetic in the cilio- 
spinal region produces pallor, diminution in the tempera- 
ture and in the secretion of sweat on the same side of tlie 
head and neck, together with dilatation of the pupiL 
Destructive lesions in the same region may produce dilatation 
of the blood-vessels, redness of the skin, increased temperature, 
increased secretion of sweat, and contraction of the pupiL 
Alterations in the vaso-motor condition of the skin of the 
limbs and trunk are also seen in some cases of cord disease. 
Lesions of the anterior nerve roots are sometimes attended 
with oedema of the parts to which they are distributed, in 
addition to the motor paralysis. 

Alterations in the trophic condition of the skin are not 
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uncommon, sloughing being the most frequent and important 
effect of trophic disturbances. In cases of paraplegia, in 
which tho vitality of the skin is lowered, any external 
irritation is apt to be followed by destructive inflammation ; 
cleanliness, therefore, must be scrupulously attended to, and 
the greatest care taken to avoid any undue pressure. Bed- 
sores occasionally form with great rapidity and in spite of 
the most careful attention. Professor Charcot, to whom we 
are indebted for much information on this subject, believes 
that the acute form of bed-sore results directly from the 
spinal lesion, and is due to irritation of the grey matter. 

Trophic alterations in the bones and joints occur in a small 
proportion of cases of locomotor ataxia ; the affected joints 
rapidly become disorganised, and spontaneous fractures of the 
bones occur. The affection is a painless one. Professor 
Charcot believes that the joint affection is due to extension 
of the lesion from the postero-extemal columns to the anterior 
comua ; but this explanation is disputed by other authorities. 
Dv Buzzard suggests that the seat of the lesion is the 
medulla oblongata. Another view is that the bone affection 
results from a lesion of the peripheral nerves, such as Dijerine 
has shown to be present in some cases of locomotor ataxia. 

THE CONDITION OF THE SPINAL COLUMN. 

The condition of the spinal column must be carefully 
investigated in all cases of cord disease, by inspection, palpa- 
tion, and percussion. 

Inspection, — Irregularities are seen in many, but by no 
means in all, cases of fracture and luxation of the vertebrae. 
Curvatiires and irregularities are also observed in some cases 
of Pott's disease. 

Palpation and percussion. — The spine should be per- 
cussed from behind, and the bodies of the lumbar vertebra; 
should be palpated through the front wall of the abdomen ; 
pain sometimes is elicited, and swelling occasionaUy per- 
ceived, by this method of examination, when the examination 
of the spinal column from behind reveals no abnormal con- 
dition.^ In cases of Pott's disease, movement of the spinal 

1 Thli mMhod of examination must not be too roughly performed, more 
pMliciilarly In tho«o caaea in wbicU there ia aity reason to auflfiect the presence of 
an abdominal aneurism. 
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column almost always, but not invariably, gives rise to com- 
plaints of pain ; this is a very valuable diagnostic, but it is 
not pathognomonic, for in other cases in which there is no 
bone disease (primary meningitis for example), the pain is 
usually increased by movement of the spinal column. 

The hot sponge test, — A sponge wrung out of water, not 
sufficiently hot to produce a sensation of pain in a healthy 
individual, is drawn slowly over the vertebral spines. A 
painful sensation is sometimes experienced at the seat of 
the disease. It was formerly thought to be indicative of 
myelitis, but is probably only a test of hypersesthesia. A 
piece of ice may be substituted for the hot sponge, with 
the same result. 

The Condition of the other Parte of the Nervous Ssrstem. 

The mental faculties are usually clear in cases of cord 
disease, but ' pontine,* ' medullary,* and cerebral complications 
are not uncommon. Polio-myelitis anterior' acuta, like all acute 
affections in the child, may be ushered in by an epileptiform 
convulsion ; and during the febrile stage, mild delirium may 
occur. Spinal meningitis is frequently associated with inflam- 
mation of the cerebral meninges ; in such cases the cerebral 
symptoms are usually the most prominent In cerebrospinal 
sclerosis, headache, vertigo, alterations in the mental condi- 
tion, disturbances of speech, and derangements of the special 
senses, may be marked symptoms ; but in some cases the 
symptoms are, for a time, chiefly spinal, and a sepai^te variety 
of the disease (disseminated sclerosis limited to the cord) is 
accordingly described by some writers. 

But in those aflections which are usually classed as 
distinctly spinal, derangements of the parts supplied by cranial 
nerves are also observed. In locomotor ataxia, abolition of the 
pupil-reflex to light, is one of the earliest and most constant 
symptoms, while temporary paralysis of the muscles of the 
eyeball, ptosis, and grey atrophy of the optic discs, occur 
in a large proportion of cases. Lightning pains occasionally 
radiate in the sensitive area of the fifth nerve. It is par- 
ticularly important, therefore, to observe the condition of the 
muscles of the eyeball and of the iris, and the state of the 
optic discs in supposed cases of locomotor ataxia. The 
symptoms of locomotor ataxia are not unfrequently developed 
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in the course of general paralysis of the insane. The charac- 
teristic sense of well-being and other delusions occur in cases 
of this description ; but in ordinary cases of locomotor ataxia, 
such as one meets with in private practice, the mental faculties 
are usually quite clear. 

In amyotrophic lateral sclerosis^ and Landry's paralysis, 
and in some cases of progressive muscular atrophy, the morbid 
process has a strong tendency to extend to the medulla 
oblongata — an event which is followed by * bulbar' symptoms, 
and (usually) by speedy death. 

The Gondition of the other Sy et eme and Organs. 

AuMENTARY SYSTEM. — In the great majority of chronic 
cord diseases, the appetite is good, the digestive process 
normal, and the nutrition of the body well preserved. 

Acute diseases of the spinal cord are attended with the 
same derangements of the digestive system (loss of appetite, 
thirst, constipation, etc.) which occur in other acute affections. 

Constipation is a common symptom in cases of paraplegia, 
and is in many cases due to paralysis of the intestine. 

Attacks of vomiting and gastric pain — the 30-called gastric 
crises — occur in some cases of locomotor ataxia, and are pro- 
bably analogous to the lightning pains. These attacks occur 
more frequently in women than in men, and, as Dr Buzzard 
has pointed out, are often associated with the peculiar joint 
affection described by Charcot. Violent attacks of vomiting, 
apparently of a similar nature to the gastric crises of locomotor 
ataxia are occasionally met with in other affections of the 
spinal cord, and are occasionally observed in hysteria. 

Meteorismus, depending upon paralysis of the intestine, 
sometimes occurs. When it appears towards the end of b 
of myelitis it is a serious indication. 



The Circulatory Organs. — As a general rule the heart 
and great blood-vessels are healthy in cases of spinal cord 
disease. Aortic regurgitation and aortic disease (atheroma) 
are occasionally associated with locomotor ataxia. In func- 
tional derangements of the cord, palpitation of the heart with 
or without irregularity, is a frequent symptom ; and neurotic 
disturbances of the Iieart also result from lesions in the upper 
cervical r^on. 
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Eespiratory Oegans. — Complications on the part of the re- 
spiratory organs, such as phthisis, bronchitis, and pneumonia, 
are frequently the cause of death in cases of cord diseasa 

Spinal lesions which involve the nerve supply of the 
diaphragm or intercostal muscles may be attended with severe 
dyspnoea; a trivial bronchial catarrh may cause serious 
symptoms, and prove fatal under such conditions. 

In progressive muscular atrophy, and still more frequently 
is amyotrophic lateral sclerosis, serious respiratory ^turb^ 
ances and speedy death may, as I have previously remarked, 
result from extension of the morbid process to the respiratory 
centres in the medulla. 

Urinary System.— In some cases of acute myelitis, in- 
volving the lower portion of the cord, the urine rapidly 
becomes ammoniacal and loaded with phosphates, muco-pus 
and vibriones. In some cases, the ii&ammatory affection, 
which has originated in the bladder, extends to the kidneys, 
and death quickly follows; Professor Charcot thinks that 
the cystitis is, in these cases, a trophic disturbance, analogous 
to the acute bed-sore, and that it is a direct result of the 
spinal lesion. In other cases — and they constitute the large 
majority — the decomposition of the urine, and the cyBtitis 
are caused by the introduction of septic matters from without. 
The infective process thus established may subsequently ex- 
tend to the kidneys. This danger must always be kept in view 
in the treatment of cases of paraplegia, and the greatest attention 
paid to the cleansing and disinfection of bougies and catheters. 

Excess of phosphates occurs in many cases of cord disease, 
independently of bladder paralysis ; the quantity of urine is 
often excessive, its reaction acid or neutral, its specific gravity- 
low. 

In some cases of hysterical paraplegia, large quantities of 
limpid urine are evacuated ; occasionally the urinary secretion 
is entirely suppressed. 

The Integumentary System. — The trophic alterations of 
the skin, which result directly from spinal lesions, have been 
already alluded to. The ordinary forms of skin eruption are, 
of course, occasionally met with, as accidental complications. 
Syphilitic eruptions are of most importance, and indicate a 
specific treatment for the spinal lesion. 
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THE DIAQNOSIS. 



Step No, 1, Presuming that the symptoms suggcd disease of 
the spinal cord, the first step in the diagnosis is to determine 
whether the lesion is actuallg situated in thai part of the nervous 
system, 

T3rpical cases present no difficulty. As the result of ex- 
perience — clinical examination verified by post-mortem ex- 
amination — we know that, certain symptoms, or rather certain 
combinations of symptoms, indicate a spinal lesion. But cases 
are not always, in fact are very frequently not, typical, and 
the most experienced may sometimes hesitate before forming 
a definite opinion. 

Xow, the only true and scientific method of coming to a 
correct conclusion is to make a thorough and accurate ex- 
amination of all parts of the nervous system, and then to 
draw a logical conclusion fix)m the whole facts of the case. 
Due weight must be given to individual symptoms ; and it is 
here that experience and a large practical acquaintance with 
disease give such essential information. 

In some cases we have recourse to the 'method of exclusion! 
We endeavour to satisfy ourselves that there is no other lesion, 
either above or below the cord {i.e, no peripheral or cerebral 
lesion), capable of producing the symptoms. 

Cerebral jxiraplegia.peripheral paraplegia, spinal hemiplegia, 
and spinal monoplegia, may be instanced as some of the cases 
in which the difficulties, I have just alluded to, may occur. 

Cerebral paraplegia. — This rare condition may be caused 
by a lesion in the pons, or medulla. Derangements of the 
parts supplied by some of the cranial nerves will almost 
certainly be present, and when present are quite distinctive. 
Cerebral paraplegia may also result from two separate and 
distinct cerebral lesions, as, for example, two independent 
haemorrhages in the motor areas of both hemispheres. There 
is in such cases a history of two distinct attacks of hemi- 
plegia; the lower facial muscles of the side most recently 
affected, will probably be paralysed; there is usually some 
disturbance of the mental condition, loss of cerebral control, 
etc. ; the condition of the reflexes corresponds to a cerebral, 
rather than to a spinal lesion, the superficial reflexes being 
abolished or diminished, the deep reflexes exaggerated. 
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Peripheral paraplegia, — Where a peripheral lesion is so 
situated as to interfere with the motor nersre supply of cor- 
responding parts on both sides of the body, paraplegia may 
result, and the case may be mistaken for one of spinal cord 
disease. A tumour pressing upon the cauda equina, or a 
cancerous tumour within the pelvis, pressing upon the great 
nerve trunks which supply the lower limbs, are good ex- 
amples of such lesions. In cases of peripheral paraplegia, 
severe pain is generally a prominent symptom ; indeed, the 
term 'paraplegia dolorosa ' is almost equivalent to paraplegia 
resulting from a peripheral lesion : a tumour pressing upon 
the cauda equina imtates the sensory fibres of the posterior 
roots ; a tumour within the pelvis produces pain, by irritating 
the sensory fibres of the sensory-motor nerve trunks. In 
many cases of peripheral paraplegia, the condition termed 
ancBsthesia dolorosa, is also observed. Irritative phenomena, 
cramps, spasms, etc., are sometimes seen in the paralysed 
muscles. The reflexes may be at first increased, but are 
usually diminished or abolished. The affected muscles become 
markedly atrophied. The diagnosis of peripheral paraplegia 
must be based upon: (1) the nature of the symptoms; and 
(2) the fact that there is evidence of local (peripheral) 
disease, fluch as caries of the vertebrae, a tumour within the 
pelvis, etc. 

Spinal hemiplegia, — This condition has already been 
alluded to in speakmg of unilateral lesions. It usually residts 
from traumatic injuries or compression of the cord. Occa- 
sionally it is produced by a lesion arising within the cord 
itself, such as myelitis, polio-myelitis anterior acuta, or an 
intra-medullary tumour. 

Spinal hemiplegia is easily distinguished from cerebral 
liemiplegia, by attention to the following points : — In spinal 
hemiplegia the face and tongue are not paralysed. There is 
no derangement of the cerebral functions. Anaesthesia is 
generally much more marked than in cerebral hemiplegia, and 
is situated on the opposite side to the motor paralysis. The 
skin on the paralysed side may be hypenesthetic. The 
paralysed muscles may undergo rapid atrophy.^ 

1 This of course depends npon tbe position of the lesion with regard to tiM 
nerve nuclei. In cerebral cases rapid atrophy does not occur. 
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Spinal monoplegia. — This condition may result from 
traumatic injury, or compression of the cord, or from polio- 
myelitis anterior acuta. It is to be distinguished from cerebral 
and peripheral paralyses afifecting one limb only. 

Cerebral monoplegia, — The distinction from spinal mono- 
plegia is not difficult. In cerebral cases there is no sensory 
derangement; the paralysed muscles do not undergo rapid 
atrophy; there are no qualitative electrical alterations. In 
the later periods, the paralysed muscles, especially the flexors, 
become rigid. The eJteration of the reflexes corresponds to 
that met with in cerebral lesions. The history and mode 
of most of the attacks may be distinctive. Other cerebral 
symptoms are usually present. Localised epileptiform con- 
vulsions, headache, vomiting, and optic neuritis, are often 
observed, for a cerebral monoplegia very generally depends 
upon a * coarse ' cortical lesion. 

Peripheral monoplegia. — This condition may result from 
traumatic injury, or compression of the large nerve trunks of 
one limb. The sensory functions are profoundly aflected ; in 
the earlier stages there are usually pain and hypersesthesia, 
later anaesthesia and analgesia occur. In severe cases, the 
paralysed muscles are markedly atrophied. The ' reaction of 
degeneration' is present in acute cases. The reflexes are 
dinunished or abolished. 

A tumour within the spinal canal may produce a mono- 
plegia. Sensory disturbances, due to pressure on the pos- 
terior nerve roots, are usually well marked, and s3rmptoms 
due to pressure on the cord itself are generally present. 

Spinal monoplegia the result of polio-myelitis anterior* 
acuta. — Spinal monoplegia occasionally, though rarely, results 
from acute destruction of one anterior horn of grey matter, 
bat the diagnosis in these cases presents no difficulties ; in 
the great majority of cases the patient is a child ; the onset 
is acute, and is attended with fever; the whole limb is 
seldom paralysed ; the aflected muscles are flaccid ; some of 
them undergo atrophy, and present the ' reaction of degenera- 
tion.; ' their reflexes are diminished or abolished. There are 
DO marked sensory disturbances; the functions of the bladder 
and rectum are not interfered with. 
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Step No, 8, — Supposing that the symptoms indicate disease 
of the spinal cord, we rmist next determine whether they are 
genuine or not. 

Symptoms are seldom deliberately manufactured, but 
patients frequently exaggerate their' complaints ; sometimes 
deliberately, with the intention to deceive ; in most cases more 
or less unconsciously. 

Deliberate exaggeration or imposture may be suspected 
when there is no evidence of organic disease, and when there 
is some obvious inducement for deception. But a diagnosis 
of feigned disease should never be based on negative e\idence 
alone. Such an opinion is only to be given when it can be 
supported by some positive fact or facts. Positive evidence 
of imposture may be forthcoming in the shape of anomalous 
symptoms ; such, for example, as the unnatural distribution 
of the paralysis, or some marked peculiarity in the mode of 
onset or course of the case ; but the facts which lead to a 
definite opinion of imposture are usually mm-medical. 

Step No. 3. — ITamng come to the conclusion that the sym-p^ 
toins are genuine, we must n£xt determine whether they are 
caused by functional derangement or by organic disease. 

The decision is, in some cases, easy, in others difficult or 
impossible. Local muscular atrophy, the 'reaction of de- 
generation/ true spinal inco-ordination, and paralysis of the 
sphincters, are certain indications of organic disease ; but the 
great majority of spinal symptoms occur both in organic and 
functional derangements. In doubtful cases, the diCTerential 
diagnosis can only be made by taking a comprehensive vievr 
of all the facts ; by paying particular regaixi to the mode 
of development and gi-ouping of the symptoms, and to the 
general features of the case. The presence or absence of 
disease in the other parts of the nervous system must be 
carefully noted. The condition of the other systems and 
organs must, of course, be observed. 

In some cases it is impossible to give a decided opinion at 
the first visit. We must tlien be content to make a pro- 
visional diagnosis ; to await the course of events ; and to 
throw light uj)on the case by particular modes of treatment 
(therapeutic diagnosis). 

The functional conditions which are liable to be mistaken 
for organic disease, are for the most part cliaracterised by 
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derangement of the motor nerve apparatus : eases in wliieh 
the sensory functions are alone perverted, seldom give rise to 
diflSculty. Hysterical paraplegia, paralysis depending upon 
idea, reflex, malarial, and alcoholic paraplegia, are some of the 
best marked types. The differential diagnosis of each of these 
conditions will be considered in detail when the funtional 
affections of the spinal cord are treated of. (See chapter IV.) 

Siep No, 4- — Having come to the conclusion that the symp- 
toms are due to organic disease of the cord, the final step in the 
diagnosis is to determine the exact nature of the affection which 
is present. We must not only give a name to the disease, hut 
fnust endeavour to determine the special fealures which it 
presents in ea4:h individual case. 

In order to arrive at the desired result we proceed in the 
following manner: — 

(a) We first decide whether the lesion is extra^medullary or 
intra-medullaTy. 

This point is determined by the nature of the symptoms. 
The characteristic symptoms of an &c<ra-medullary lesion result, 
as we have previously seen (see page 67, et seq.), from irrita- 
tion of the sensory nerves in the membranes and periosteum, 
and from pressure on the anterior and posterior nerve roots. 
They consist of: — pain referred to the region of the spinal 
column, and increased on movement of the vertebrae ; eccen- 
tric pains, hypera?sthesia and anaesthesia in the sensitive areas 
of the compressed posterior i^oots; spasms and paralysis in 
the areas of the compressed anterior roots. 

When these symptoms are observed, an extra-medullary 
lesion is present, and we must look to the order of develop- 
ment of the symptoms in order to determine whether the 
lesion is primary or not. (As a general rule extra-medullary 
lesions are primary.) 

(b) Having determined that the lesion is an extra-medul- 
lary one, we must next endeavour to ascertain its pathological 
character. In seeking to decide this question, we must regard — 

1. The history. — The duration of the case, whether acute 
or chronic, is of great importance. Where the symptoms de- 
velop suddenly, we have to deal with a displacement of the 
bones, or with a luumorrhage into the spinal canaL WTiere 
the onset is rapid, but not instantaneous, the case is probably 
acute meningitis, but it may be displacement of the vertebrae. 
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In chronic cases, the syinptx)ms may be due to chronic men- 
ingitis, or to slow compression. The supposed cause of the 
attack should always be inquired into, a history of trau- 
matic injury being especially important 

2. The condition of the spinal column, — In fractures and 
displacements of the vertebrae, either from violence or disease, 
irregularities in the spinal column are sometimes, but not 
always present Pain and tenderness on percussion, and. on 
movement of the vertebrae, are valuable evidence of bone 
disease. In some cases of vertebral cancer, a tumour or 
enlargement of the bones can be detected. 

3. The associated diseased conditions, — These are often 
distinctive. In a case of slow compression of the cord, the 
presence of malignant disease in the liver or pelvis would 
point to similar disease within the spinal canaL 

4. The family history, — ^Tliis may also give some informa- 
tion. In a case of meningitis, without obvious cause, a strong 
family tendency to scrofula, would suggest the tubercular 
character of the lesion. 

(c) When the lesion is intra-Tnedullary, wc must endeavour 
to decide whether we have to do with a * system disease* or an 
* indiscriminate ' lesion. By this means we at once narrow the 
enquiry, for as the result of experience, we know that certain 
morbid conditions affect certain physiological tracts. Where, 
for example, the s3rmptoiiis show that the lesion is confined to 
the anterior cornu, we know that in all probability we have 
to deal, either with acute or sub-acute inflammation (polio- 
myelitis arUerior acuta or suh-acuta), or with the chronic 
degenerative process which constitutes the patholological sub- 
stratum of progressive mvMiUar atrophy, 

(d) Having decided that the disease depends upon a system 
lesion, wc must next determine the pathological charcu^ter of the 
morbid process. We regard the liistory and the mode of onset 
of the attack. When, for instance, the lesion is confined to 
the region of the anterior cornu, and when the onset is acute, 
we at once decide in favour of polio-myelitis anterior acuta. 
When the onset is very gradual, the probability is, that we 
liave to deal with the typical form of progressive muscular 
atrophy. To be quite certain, we must carefully ascertain 
the mode of development of tlie symptoms, for there are two 
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forms of this aSectioii ; a typical form, wliich commences in 
the great majority of cases in the upper extremity and usually 
lirst affects the small muscles of the hand ; and an irregular 
form, which first affects the muscles of the trunk, or those of 
the lower extremity. The tjrpical form undoubtedly results 
from slow destruction of the motor nerve cells of the anterior 
comu. The irregular form is supposed by some observers to 
result from a primary lesion of the muscles. 

It is always advisable to chedc the diagnosis, by observing 
the mode of development of the attack, and the exact char- 
acter of the symptoms. In locomotor ataxia, for example, the 
motor inco-ordination is almost invariably preceded by light- 
ning paina Certain eye symptoms are also very frequent in 
the early stage of that disease. Inco-ordination occurring 
per se, without lightning pains or eye symptoms, would pro- 
bably be due to some other morbid process than the extremely 
chronic lesion, which constitutes the anatomical substratum of 
locomotor ataxia. 

(e) Having coiJie to the conclusio7i that the lemon is an 
indi9criminaie oTie, we must next erideavour to determine its 
earact patholoffical character, — In order to arrive at this result 
attention must be directed to the following points : — 

1. The mode of onset — Svdden paralysis is due to a vas- 
cular lesion, such as haemorrhage, or embolism. Bapid, but 
not instantaneous lesions, may be vascular, but are usually 
inflammatory. Chronic lesions may be due to chronic inflam- 
mation, simple softening, or some degenerative process. Under 
the last head we may include the morbid process, which 
I have previously described as sclerosis, commencing in the 
connective tissue (interstitial sclerosis). In rare cases new 
formations arise within the spinal cord itself; the symp- 
toms usually develop slowly ; in some cases acute symptoms, 
due to haemorrhage or inflammation around the growth occur. 

2. The associated diseased conditions, which sometimes give 
a clew to the nature of the morbid process ; in myelitis, for 
example, the presence of associated syphilitic symptoms would 
suggest a ' specific ' character for the cord lesion. 

3. The effects of treatment, which may also afford informa- 
tion as to the nature of the morbid process, especially in 
syphilitic cases. 

4. The groitpinff of the symptoms,— HeLxing 'named* the 
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disease, we can in many cases tell the nature of the morbid 
process with which we have to deal. In cerebro-spinal 
sclerosis, for instance, the clinical picture is usually quite 
distinct ; and we know, as the result of experience, that the 
anatomical substratum of that affection is an interstitial 
sclerosis of a very chronic and incurable character. 

To sum up, then, the plan of the diagnosis is as follows: — 

Step No, i.— Make certain that the symptoms do not 
depend upon a cerebral or a peripheral lesion. 

Step No. 2. — ^Where the symptoms indicate disease of the 
spinal cord, determine whether they are genuine or not. 

Step No, 3. — ^Where the symptoms are genuine, ascertain 
whether they are due to functional derangement or to oi^ganic 
disease. 

Step No. 4- — Having decided that the symptoms are due 
to organic disease, next determine — 

a. Whether the lesion is ca;/ra-medullary or intra-medvl' 
lary. 

b. If extra-meduWary, the pathological character of the 
morbid process. 

c. If iTi^ra-medullary, whether the lesion is a ' system ' or 
' indiscriminate ' one ; and the pathological character of the 
morbid process. 

THE PROGNOSia 

In a case of spinal cord disease, we must be prepared to 
express an opinion as to : (a) the probable termination of the 
case ; (6) its duration ; and (c) whether it will unfit the patient 
for his business occupation or not. 

Our opinion on these points must be guided by : 

1. The particidar form of disease, and the nature of the 
morbid process. 

As a matter of experience, we know that ' functional ' dis- 
ordera are never fatal; and that, in many cases, they are 
quickly recovered from. We also know that, some affections, 
sucli as infantile paralysis, lead to permanent paralysis, but 
do not tend to destroy or shorten life ; and that other diseases 
are of long duration, but sooner or later prove fatal. Loco- 
motor ataxia, and progressive muscular atrophy, are good 
examples of the last group. 
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Some affections, which are incompatible with an active 
outdoor occupation, do not necessarily unfit the patient for 
literary or clerical work. The late distinguished Professor of 
Anatomy in the Edinburgh University— John Goodsir — was 
affected, for many years, with locomotor ataxia, and, until 
shortly before his death, carried on the onerous duties of the 
professorship. 

The exact pathological character of the morbid process is 
often of considerable importance from a prognostic point of 
view. A syphilitic myelitis, for example, is not infrequently 
recovered fi-om ; while a tubercular meningitis is almost 
always, and a cancerous meningitis is (?) invariably fatal 

2. TJie severity of the affection in the special case under 
observation; the effects which it hxis already produced; the 
rapidity with which the morbid process is being developedj and 
the direction in which it is extending. All of these points 
are of great importance, and must be carefully observed in 
each individual case. 

In infantile paralysis, for instance, the severity of the 
lesion varies immensely in different cases. The prognosis, in 
that affection, is chiefly determined by observing the extent of 
the paralysis, and the number of muscles which have under- 
gone ' rapid atrophy,' and which present the ' reaction of de- 
generation.' 

Again, a myelitis which involves the lower end of the cord, 
and which is attended with paralysis of the sphincters, and 
with cystitis, is very much more serious than a myelitis in the 
lower dorsal region. Where the upper cervical region is 
affected, the prognosis is still worse, for the diaphragm will 
probably become paralysed, and serious complications on the 
part of the respiratory organs will then result. 

The fact that the disease is developing rapidly, makes the 
prognasis more serious. Where the morbid process is extending 
towards the medulla, a fatal termination is probably near. 

In each case, the individual symptoms must be taken 
into account. In locomotor ataxia, for example, the early 
occurrence of optic atrophy unfits the patient for any business 
occupation, and, in some respects, makes the prognosis very 
serious, but it does not necessarily show that the case will 
progress rapidly, or tend to materially shorten life. Indeed, 
in some cases of locomotor ataxia in wiiieh optic atrophy 
develops early, and in wliich the lightening pains are very 
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severe, the duration of the first stage is unusually long ; in one 
case at present under my own observation, there is no inco- 
ordination, although the symptoms of the first stage have 
been typically developed for more than twenty years. 

3. The remit of treatment — This sometimes gives valuable 
information as to the future course of events. Bapid improve- 
ment under anti-syphilitic treatment is a hopeful indication. 

4. The mental temperament of the patient ; his drcum- 
stances and surroundings. — These are also points which must 
be carefully considered. 

Some patients will not submit to a long continued course 
of treatment, and the restraints in sexual and other matters, 
which are often necessary. Otliers cannot place themselves 
in the best possible position for recoveiy ; they cannot guard 
themselves against cold and exposure ; they must, of necessity, 
submit to business woiTies, and the anxieties which are en- 
tailed by an arduous struggle for existence. Some persons 
bear these mental anxieties fairly well, but, speaking generally, 
the presence of any mental trouble or worry makes the prog- 
nosis much more unfavourable. 

5. llie presence of complications. — This is a veiy important 
element in the prognosis. Each case must, of course, be 
judged in accordance with the special nature of the complica- 
tion which is present. 

To sum up, the opinion as to the future coui'se of tlie case, 
is determined by the following points : 

1. The particular form of coni disease, and the pathological 
nature of the morbid process. 

2. The severity of the affection in the special case under 
observation ; the effects which it has already produced ; the 
rapidity with which the morbid process is advancing, and the 
direction in which it is extending. 

3. The effects of treatment. 

4. The mental temperament, the circumstances and sur- 
roundings of the patient. 

5. The presence or absence of complications, and their 
nature. 

Such are the general grounds on which the prognosis is to 
be based. The special circumstances which determine the 
opinion in the individual affections of the cord, will be after- 
wards considered. (See chap. IV.) 
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TREATMENT. 

It must be confessed that the treatment of many affections 
of the cord is eminently unsatisfactory. The treatment of the 
individual diseases will be afterwards considered. The general 
indications for treatmeiU and the mode of carrying them out are 
88 follows : 

Id IiidicatioiL Memove the cause. 

It is seldom possible to carry out this indication in practice. 
In some functional disorders it can be accomplished, as, for 
instance, in the derangements of the cord which result from 
sexual excess, from alcohol, from malaria, or from reflex irrita- 
tion. In some cases of hysterical paraplegia the treatment of 
the general condition is followed by a cure of the local condi- 
tion, t.e. the paralysis. 

In some cases of displacement of the vertebrae, we can, 
by attention to the position of the parts, and by the applica- 
tion of rigid supports (Sayre's jacket, etc.), remove the 
pressure from the cord, and so relieve many of the nervous 
symptoms. 

Abscesses near the spinal column should always be evacu- 
ated, under strict antiseptic precautions. In several cases, I 
have seen remarkable improvement in the nervous symp- 
toms follow the opening of an abscess which was ' pointing ' 
at some little distance from the spinal column. The abscess 
sac had evidently, in these cases, pressed upon the cord and its 
membranes. 

The removal of extra-medullary tumours is not yet a re- 
cognised plan of treatment This is partly 0¥riing to the un- 
certainty of diagnosis, and partly to the serious nature of the 
operation. The difficulties in diagnosis are disappearing, and, 
thanks to antiseptic surgery, we can now undertake operations 
which were formerly unjustifiable. I would advise an opera- 
tion in any case in which the symptoms were urgent; in 
which the diagnosis clearly indicated the presence of a tumour; 
in which there was no evidence of malignant disease; in which 
the exact position of the growth could be localised ; and in 
which a vigorous anti-syphilitic treatment had failed to pro- 
dace beneficial results. 
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Sd Indication. — Endeavour to arrest and allay the morbid " 
process ; and aid n^ure to repair the damage. 

Haemorrhage, — Where the symptoms indicate haemorrhage 
into the substance of the cord, or into the spinal canal, the 
usual plan of treatment for an internal haemorrhage is to 
be adopted. Details will be given in treating of intra- 
medullary and extra-medullary haemorrhage. 

Inflammatory affections, — In acute inflammation either of 
the cord or its membranes, the patient should be placed at 
perfect rest in the prone position ; leeches or cups, and then 
ice-bags should be applied to the spinal column; ergotine, in 
full doses, should be given subcutaneously, with the object of 
producing contraction of the blood-vessels ; belladonna may 
also be employed for the same purpose. Where there is much 
pyrexia, febrifuge remedies, especially full doses of quinine, 
should be prescribed. 

In svb-ojcute and chronic inflammation, rest is to be en- 
forced ; counter-irritants (iodine, blisters, or the actual cau- 
tery) are to be applied on each side of the vertebral column ; 
ergotine and beUadonna should be given internally. When 
there is reason to suspect a sjrphilitic taint, iodide of potassium 
and mercury must, of course, be given. Mercurial inunction 
often most useful, an ointment consisting of one part of Dr 
Shoemaker's oleate of mercury mixed with three or four parts 
of lard is a very convenient form, a piece the size of a small 
marble may be rubbed into the skin of the thighs or trunk. 
In tubercular cases the general state of nutrition must be 
attended to ; in chronic cases, cod-liver oil, lactophosphate of 
lime, and the compound syrup of phosphates may be given. 

After the acute stage of the inflammatory process has 
subsided, when secondary degenerative changes are pro- 
gressing, and in the very chronic spinal affections, such as 
locomotor ataxia, we do what we can to arrest the morbid 
process, and to aid nature to repair the damage. 

The general health must be carefully regulated; the 
diet should be simple and nutritious, the patient should live 
out of doors as much as possible ; a locality should be selected 
in which the air is pure and dry ; extremes of heat and cold 
are to be avoided. It is particularly important to attend to 
the proper ventilation of the sleeping and sitting apartments. 

Functional excitement of the cord must, so far as possible, 
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be prevented. Sexual indulgence should generally alto- 
gether be prohibited. Eeflex irritation is also to be avoided: 
patients sometimes find this out for themselves ; in a case of 
spastic paraplegia, for example, which was recently under my 
care, the patient informed me that the rigidity, girdle-sensation, 
and difficulty in walking, were always much increased when 
the bladder became distended. When spastic symptoms are 
prominent, a minimum of exercise is to be allowed. Semedies 
which are supposed to favour the absorption of thickened 
tissues, and to aid in the restoration of the nervous elements ^ 
are to be given. Iodide of potassium, mercury, and the 
constant (galvanic) current are the most valuable remedies 
for this purpose. Arsenic is very beneficial in some chronic 
cases; it seems to act as a nervine tonic, but is, I think, 
chiefly useful in those cases in which there is general aucnemia. 
Remedies, which experience has found to be beneficial, such 
as nitrate of silver, should also be administered. Counter- 
irritation, especially the actual cautery, is useful in many of 
these chronic cases. 

Where the affection of the cord is secondary, the primary 
disease (Pott's disease of the vertebra?, aneurism of the aorta, 
etc.) must be treated in the usual manner. 

The galvanisation of the spinal cord,— The application of 
the constant (galvanic) current to the spinal cord, seems to 
favour the absorption of inflammatory products, and to aid in 
the restoration of the spinal functions. 

In applying the constant current to the spine, with the 
object of obtaining its so-called catalytic (tonic and restorative) 
effects, the following points must be attended to : * 

The position of the electrodes. — Both poles should be placed 
over the spinal column, in such a manner as to include the 
diseased portion of cord between them. Where a long portion 
of cord is involved, as in most system diseases, one pole should 
be placed over the upper cervical region, the other over the 
lumbar enlargement. When the lesion is circumscribed, as in 
most indiscriminate lesions, the poles should be approximated : 
both poles may be applied over the spine behind, or one may 

) "SeTTS tabes can cerUiuly be restored. Nerve cells which have ODoe been 
eompUteiy dentroyedf probably remain so for ever. 

' For further details the reader in referred to special works on medical electric 
city and to Erb's article on this subject {Zienmen*$ Cyclopaedia^ vol. xiii. p. 178), 
to which I am indebted ft»r many of the following details. 
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be placed on the front wall of the abdomen or on the stemuni. 
When both electrodes are applied to the vertebral column, one 
pole should be kept stationary, while the other is slowly moved 
up and down the spinal column, care being taken to keep it 
in firm contact with the skin. By this means all parts of the 
cord can be brought under the influence of the current, while 
variations in the strength of the current, and the resulting pain 
and muscular spasms (shocks) are avoided. 

Tke strength ofcurreTit, — The currentshould be the strongest 
which can be comfortably borne by the patient In order to 
avoid pain and irritation of the skin, the electrodes must be 
large. Professor Erb recommends electrodes measuring at 
least four by two inches. The skin must be made thorouglily 
moist All sudden variations in the strength of the current, 
especially interruptions and reversals, are to be avoided. When 
the electrodes are first applied, the current should be a feeble 
one ; it should then be gradually increased until the required 
strength is reached. 

The direction of the curreiU does not seem to be of any 
importance. 

Duration and frequency of application. — The current may 
be applied every alternate day. £ach sitting should last for 
about five minutes. The treatment, in order to be effectual, 
must be continued for several weeks, or even months. 

3d Indication. To relieve tfie symptoms. 

This is a most important indication. In many cases the re- 
lief of symptoms constitutes the main part of the treatment, for, 
as I have previously remarked, the therapeutic measures which 
we at present possess, are often inadequate to effect a cure. 

Pain must be allayed by the usual anodyne remedies. 
Opium and morphia are of course the chief. In cases, of 
spinal meningitis, these drugs should be combined with reme- 
dies which allay spasm. Bromide of potassium alone, or in 
combination with opium or morphia, is useful in the pains of 
locomotor ataxia ; the constant current also exerts a decided 
anodyne effect in some cases. Stretching the sciatic nerve 
has recently been recommended in the treatment of locomotor 
ataxia, but I have no personal experience of it The cases 
which have been reported seem to show that it relieves the 
lancinating pains, but does not produce any decidedly beneficial 
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effect upon tlie course of the disease. In some cases, serious, 
even fatal results have followed the treatment. 

Spasm. — ^Where spasm is a prominent symptom, the patient 
should be kept at perfect rest in that position which he him- 
self instinctively selects. All movement and external irrita- 
tion is to be avoided. The bladder must be regularly evacu- 
ated. Warm applications to the spine are, as a rule, pleasant 
to the patient. Bromide of potassium, opium, hydrate of 
chloral, are the most useful drugs. 

Paralysis. — ^The nutrition of the paralysed muscles must 
be carefully maintained. Friction, shampooing, and, above 
all, the electric current, are the means which we employ. 

The electrical treatment of paralysed muscles and nerves. — 
In using electricity for this purpose, the rule is to employ 
that form of current to which the paralysed muscles most 
readily respond. When the muscles react to the interrupted 
current, it is the best form. When the ' reaction of degenera- 
tion ' is present, the slowly interrupted galvanic current must 
be employed. Each muscle should be regularly exercised. One ' 
electrode may be placed over the motor point (see page 95, 
ft seq.), the other slowly moved up and down over the affected 
muscle. Three sittings a week are sufficient in most cases. 

Where the paralysed muscles are flaccid, strychnine may 
be given. Iron, arsenic, and cod-liver oil, are also useful in 
the same class of cases. Strychnine should never be given 
where there is the slightest tendency to spasm or rigidity ; it 
is useless, and often hurtful under such circumstancea 

Where spastic symptoms are present, ergot, belladonna, 
nitrate of silver, and iodide of potassium, are the most useful 
drugs. The rigidity itself is best relieved by chloral hydrate, 
and bromide of potassium. 

In cases of partial paralysis, and especially in those cases 
in which the muscles are flaccid, the patient should be en- 
couraged to make voluntary efforts. Where attempts at 
voluntary movement cause an increase of spasm or rigidity, 
rest should be enjoined. 

Paralysis of the bladder and rectum. — In cases of retention 
(paralysis of the detrusor), the urine must be regularly drawn 
off by the catheter. Obstinate constipation must be relieved 
by purgatives and enemata. Paralysis of the bladder or in- 
testine is to 1)0 treated in exactly the same manner as any 
other form of paralysis. When the sphincters are paralysed, 
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great care must be taken to keep the patient clean and diy ; 
when he is able to move about, an india-rubber urinal should 
be worn; when he is confined to bed, Professor Chiene's 
syphon arrangement may be tried.^ 

In applying electricity to the bladder, one pole may be placed 
over the pubes, the other on the perineum, in front of the anus. 
If this fails to elBFect a cure, one pole may be introduced into the 
bladder, a properly insulated catheter electrode being used. 

1 Professor Chiene givBS the following description of the apparatus: * The 
method adopted, after various experiments and trials, was as follows : — A gum- 
elastio catheter is introduced and fixed to the penis with sticking-plaster. Care 
is taken that the eye of the instrument is just within the neck of the bladder. To 
this catheter an indiarubber tube is fixed, of sufficient length to reach, without 
being strained, over the side of the bed to the fioor. It then passes into a bottle. 
The bottle and tube are filled with carbolized water before attaching the apparatus 
to the catheter. Care is taken that no air can get in at any of the joints. It is 
well to introduce a piece of glass tubing at a convenient part for observing the 
direction of the fiow. In order to keep the indiarubber tube steady in the bottle, 
a piece of glass tubing is attached to its extremity. If the glass tube extends 
beyond the neck of the bottle, any folding of the indiarubber tube at this point 
will be prevented. It will be evident that a siphon action is in this way estab- 
lished, with a suction power the strength of which depends on the height of the 
column of water, and which will draw the urine into the eye of the catheter as it 
pasdes drop by drop from the openings of the ureters into the bladder, and a 
constant slow current of water will pass along tbe tube into the bottle. The 
bottle is allowed to overflow into a basin, which, as it fiUs, can be emptied by the 
nurse without any risk of displacing the apparatus. The bladder is kept con- 
stantly empty, with the exception of two tiuy streams of urine from the ureters 
to the eye of the catheter. Care must Lie taken not to have too great a fall, or the 
suction of a piece of mucous membrane into the eye of the catheter will cause 
uneasiness and plug the catheter. The height of the hospital bed is generally 

sufficient, and in some cases even a less height is all that is required 

6tAf The habitual night and morning raising of the bottle is, in the majority of 
cases of chronic cystitis, sufficient to keep the catheter clear of mucus and prevent 
plugging of the instrument. 7th, How the catheter should be fixed to the penia. 
In tying in a flexible catheter, which adapts itself to the curves of the urethra, 
the best way, in my experience, is to fix a strip of sticking-plaster to the catheter 
firmly with silk. This strip passes down either side of the penis. A pieoo of 
boracic lint is wound round the catheter at the meatus urinarius, under the strip 
of sticking-plaster. Another strip of sticking-plaster is wound round the penis, 
over the strip passing down the sides of the organ. After it has been round 
twice, the strip passing along the sides of the organ is turned back towards ibe 
point of the penis, and then two more turns are applied over it ; it is then turned 
down again, and two more turns are applied. In this way the catheter is practi- 
cally incorporated with the penis. I have always used common sticking-plaster; 
the rubber plaster might, however, I think, with advantage take its place.*— fdKii- 
buTffh Medical Journal^ Doc. 1880. 
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In employing the constant current in this manner, care 
must be taken to prevent any injurious action on the mucous 
membrane of the bladder. The curi'ent should be a weak 
one. It is generally desirable to inject a small quantity of 
water into the bladder before introducing the catheter elec- 
trode, so as to diflfuse the current over the interior of the 
organ. 

Priapism seldom calls for special treatment Camphor 
and bromide of potassiimi may be given in severe cases. 

Bed-sores must be treated on ordinary surgical principles. 

Deformities and contractures, — Deformities may some- 
times be removed by the division of rigid tendons. Pro- 
fessor Volkmann recommends the resection of the knee-joint 
in those cases of old standing infantile paralysis in which 
the muscles of the leg and thigh are paralysed and atrophied, 
and in which the muscles of the hip are only slightly affected. 
The object of the operation is to weld the bones of the lower 
limb into a firm continuous support on which the patient can 
walk, in the same manner as a patient walks on a wooden leg 
after amputation above the knee. 

4ih Indication. To prevent complications. 

Bed-sores, — It is not always possible to prevent the occur- 
rence of the acute bed-sore, which, as we have previously 
seen, is probably a direct result of the cord lesion. The 
ordinary form of bed-sore, which is due to irritation of and 
pressure on skin, the vitality of which is lowered, can gener- 
ally be avoided. The main objects are to prevent continuous 
pressure on any one point, by placing the patient on a water- 
bed, and to attend to cleanliness. If decomposing urine and 
fyeces are allowed to remain in contact with the skin, gangren- 
ous inflammation will almost certainly result It must be 
remembered that, in consequence of the anaesthesia, the 
patient may be quite unconscious of his condition : it is the 
duty of the nurse to feel for him in such circumstances : the 
back and hips should be frequently examined : the skin may 
be daily bathed with a spirit lotion : if a blush appears, the 
patient must he so placed that all pressure is removed from 
the affected part 

Cystitis, — In some cases the urine decomposes, and cystitis 
results within a few hours after the cord lesion. This form of 
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cystitis is exactly analagous to the acute bed-sore, and cannot 
be avoided. 

To prevent the ordinary form of cystitis, the greatest atten- 
tion must be paid to the condition of catheters and bougies. 
No instrument should be introduced into the bladder unless it 
has been thoroughly disinfected. 

PulTnonary complications, — Bronchitis, pneumonia, and 
other pulmonary complications are very apt to arise towards 
the end of chronic cases. To avoid these accidents, the patient 
must be guarded against exposure to wet and cold, and other 
depressing influences. 

Contractures and deformities. — The position of paralysed 
limbs must be carefully attended to, and passive movements 
should be regularly made ; by these means contractures and 
deformities can often be prevented. 

Mechanical appliances are sometimes required. In some 
cases it is necessary to have recourse to tenotomy, but this is 
rather a remedial than a preventative measure. 

/)th Indication, To treat complications. 

PJUhisiSy kidney disease, and othf^r general complications, 
must be treated on Ordinary medical principles. The treat- 
ment of those complications which result from the cord lesion, 
has been already alluded to. 

6th Indication. To prevent tlie recurrence of the disea^. 

Organic affections, which are recovered from, seldom recur; 
functional affections often do so. Provided that we know 
the cause of the attack, and can get the patient to submit to 
proper preventative measures, we can often, in functional 
affections, ward off a second attack. 

To sum up, the indications for treatment are as follows : — 

1. Remove the cause. 

2. Endeavour to arrest and allay the morbid process, and 
aid nature to repair the damage. 

3. Relieve the symptoms. 

4. Prevent complications. 

5. Treat complications. 

6. Pi^event the recurrence of the attack. 
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CHAlTEPw IV. 



TABULAR CLASSIFICATION OF THE DISEASES OF THE SPINAL 
CORD — DESCRIPTION OF THE INDIVIDUAL AFFECTIONS. 

The individual affections of the spinal cord, whicli we are 
now in a position to take up in detail, may be divided into 
/uTvcticnal derangements and organic diseases; and since in 
any given case it is impossible to come to a positive opinion, 
that the symptoms are merely due to functional derangement, 
until we have satisfied ourselves that there is no evidence of 
organic disease present, it is advisable, in the iSrst place, to 
consider the organic diseases. After the reader is thoroughly 
familiar with these affections (i.e. the organic diseases), he 
will more readily understand the functional derangements, 
and more readily appreciate the difficulties which attend 
their recognition. 

On the following page a tabular classification of the 
diseases of the spinal cord will be found. It will be seen 
that I have placed cases of so called ' concussion of the spine ' 
in a separate group by themselves, midway between the 
organic diseases on the one hand and the functional affections 
on the other. In some cases of so called concussion of the 
spine, there are very marked organic changes which usually 
de])end uj>on fractures or displacements of the vertebrae or 
extravasations of blood into the spinal canal, or (much more 
rarely) into the spinal cord itself, and are not due merely to 
concussion or shock ; in others, and under this head we may, 
I lielieve, safely include the large majority of cases of ' railway 
spine,' there are no organic lesions, but the symptoms are 
entirely functional in character. 

M 
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THE ORGAKIC DISEASES OF THE SPINAL CORD. 



f I. Prioiary. 



a 






System affec- 
tiong. 



1. Acute inflammation^ , ^ lufantUe. 
I (Polio-myeliti8an->>^{ » j... 

terior acuta.^ ) (*> ^^"'*- 

2. Sub-acute inflammation. 

3. Progressive mnscular atrophy. 
V 4. PseudO'iiypertfophic paralysis. 



. II. Secondary. < 



1 



< 






< 



1. Extension of the lesion from the 

lateral column, as in amyotro- 

1>hic lateral sclerosis, primaiy 
ateral sclerosis, and descending 
degenerations of the crossed pyra- 
midal tract. 

2. Extension of the lesion from the 

postero-extemal column in loco- 
motor ataxia. 



B. Indiscriminate 
lesions. 



'The anterior comu may, like anv other part of the 
transverse section, be afifected by indiscriminate le- 
sions. Other parts of the transverse section are 
nsuaUy involvea ; the symptoms are then compound, 
being partly due to the lesion of the anterior comu, 
partly to the lesion of the other parts which happen 
to be aiOFected. 



POLIO-MYELITIS ANTERIOR ACUTA. 

Definition, — ^Acute inflammation of the anterior cornu of 
grey matter (iroXiic» grey, and /iwtXoc, marrow). Varieties 
(a) infantile; (b) adult. 



INFANTILE VARIETV'. 



Synonyms. — Infantile paralysis: Essential paralysis of 
children : Acute atrophic spinal paralysis of children. 



1 180 POLIO-MYELITIS ANTERIOR ACtJTA. 

iETiOLOGY AND GENERAL CONSIDERATIONS. — The disease is 
most common between the ages of one and four years. The 
majority of cases occur during warm weather (summer and 
autumn), but the exact cause or causes of the affection are 
obscure. In some cases it seems to result from a chill during 
dentition 5 it occasionally foUows an attack of scarlatina, 
measles, or some other febrile affection ; in a few cases it is 
apparently due to traumatic injury, but this is quite excep- 
tional ; nurses are sometimes most unjustly blamed because 
the paralysis is supposed to be due to a fall. Dr Buzzard 
thinks * it is more common than not for the disease to attack 
fine grown hearty children.'^ The affection seems rare in 
some parts of the country, Dr Wallace of Parsonstown in 
Ireland, for example, tells me that during a period of thirty 
years he has never met with a single case, and he knows no 
adults in his district who are cripples in consequence of the 
disease. The affection does not seem to be hereditary, but 
Gowers states that he has * been strongly impressed by two 
or three cases, in wliich the other members of the families 
have suffered from other acute affections of the nervous 
system.'* 

Pathology and Morbid Anatomy. —The morbid process, 
as the term polio-myelitis anterior acuta indicates, is an acute 
inflammation, which is usually sharply defined and practically 
limited to the region of the anterior comu. The part of 
the lateral column adjacent to the anterior comu is probably 
in some cases also slightly involved. The segments, compos- 
ing the lumbar and cervical enlargements, are the parts of 
the cord in which the lesion is usually situated; in many 
cases the morbid process is confined to the lumbar region 
only, but it may involve one or both anterior cornua in one or 
both of these situations. 

The function of the multipolar nerve cells (the essential 
constituents of the anterior cornual region) is quickly inter- 
rupted ; some of the nerve cells are absolutely destroyed, the 
muscles, which they supply, undergo rapid atrophy, and are 
j)ermanently paralysed; other nerve cells are for a time 
disabled, but ultimately recover; the muscles which they 
supply are temporarily paralysed. 

1 Diseatet ofiht Nervwu Sjfitem^ p. 43. 

2 BritUh Medical Journal, May 20, 1882, p. 729. 
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The histological characters of the cord lesions. — Almost all 
authorities are at one in thinking that the lesion is inflamma- 
toiy. Opinions differ as to whether the inflammation com- 
mences in the nerve elements or in the connective tissue and 
blood vessels, but it is probable that in this, as in other acute 
inflanmiations, there are from the first, vascular lesions, and 
that the structural changes in the nerve elements are second- 
ary or coincident ; all authorities are agreed that the ultimate 
effect of the inflcimmatory process is to cause acute destruc- 
tion of the multipolar nerve cells; atrophy of their axis 
cylinder processes, of the anterior root fibres, and of the 
muscular fibres to which they are distributed, necessarily 
follows. The disease is rarely fatal ; it is seldom, therefore, 
that an opportunity of observing the condition of the cord, in 
the early stages, occurs. In the few cases which have been 
examined, soon after the onset of the affection, an area of 
inflammatory softening was found in the lumbar or cervical 
regions of the cord. 

The microscopical examination, in recent cases, shows the 
usual vascular changes wliich are present in acute myelitis 
(see page 240) ; the nerve elements are more or less disin- 
tegrated ; many of the nerve cells have entirely disappeared ; 
compound granular corpuscles and oil globules infiltrate the 
softened tissue and adhere to the outer coats of the vessels ; 
the connective tissue elements in the neighbourhood of the 
inflamed part are proliferating, nuclei and leucocytes are 
scattered throughout the surrounding tissue. 

At a later stage the softening is less marked, or has 
entirely disappeared. The nerve cells are in great part 
destroyed, and are here and there replaced by oil globules. 
The vessels of the affected part are dilated; and the con- 
nective tissue elements increased. Ultimately the affected 
comua become atrophied and sunken, as is represented in 
fig. 100. In some cases the connective tissue trabeculae in 
the part of the lateral column adjacent to the affected portion 
of the grey matter are thickened, and some of the nerve tubes 
uiay be atrophied. 

The chromo-lithograph plates (figs. 101 to 106 inclusive) 
illustrate all the more important pathological characters of the 
lesion. The sections were made from a cord which, through 
the kindness of Prof. D. J. Hamilton, I was enabled to examine 
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when working in the pathological laboratory of the Edinburgh 
University. 

The patient, a boy, aged two and a-half years, was admitted 
to the North-Eastern Hospital for Children, London, under 
the care of Dr A. E. Sansom, on the 2l8t of March 1879, 
suffering from infantile paralysis, and died from diphtheria 
on 9th May of the same year. The attack of paralysis was 
of four and a-half months' duration. It was incomplete, and 
chiefly involved the right lower extremity. 




Fig. 100. — Transverge sediiMi of the cervical reffion of the Spinal Cord in long 
standing infantile paral^fis, — {^After Charcot) 

The patient, a woman »t. 60, died in the Salpetri^re from Gemeral P aralym 
of the Insane. The right upper extremity had been affected with Infantile 
paralysis. There was fibroid atrophy of the right anterior coma, and atrophy 
of the white columns of the corresponding side. ' 

Microscopical examination of tlie spinal cord in Dr Sansom*$ 
Case. — The lumbar region of the cord presented the typical 
appearances which constitute the lesion of infantile pamlysis. 
The nerve cells at the seat of the lesion were replaced by fatty 
globules ; a considerable number of leucocytes were scattered 
through the anterior cornua, and, indeed, through the grey 
matter generally ; the connective tissue corpuscles of the grey 
matter were more numerous than in health ; some of the blood- 
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vessels in the anterior cornua seemed abnormally large and 
dilated ; fatty globules, similar to those replacing the nerve 
cells, were adherent to the outer coat of some of the vessels. 
The white columns of the cord were perfectly healthy. 

The morbid histology of the paralysed w,u$cle8, — The mus- 
cular fibres, which are most seriously affected, gradually lose 
their transverse stride, and are infiltrated with oil globides ; 
their nuclei are more numerous than in health; the inter- 
stitial fibrous tissue is increased in amount ; other muscular 
fibres undergo simple atrophy ; others again remain normal. 

In advanced cases the interstitial fibrous tissue becomes 
more dense and cicatricial, and the muscular fibres are reduced 
to thin transparent bands, dotted here and there with nuclei 
In exceptional cases the interstitial fat is in excess. 

Mode of Onset, Symptoms, and Course. — In some cases 
premonitory symptoms, consisting of general malaise, irritability 
of temper, slight febrile disturbance, muscular twitchings and 
tremors, etc., are observed, but in most cases the onset is 
abrupt. 

The affection being an acute inflammation, is usually 
ushered in by more or less febrile disturbance. In some 
cases, the elevation of temperature is rapid and considerable ; 
and the OTiset is then attended with those symptoms which 
are associated with rapid elevation of temperature in the 
child, viz., heat of skin, quick pulse, flushing of the face, 
muscular twitchings and tremors, epileptiform convulsions, 
mild delirium or (exceptionaUy) coma. In other cases the 
pyrexia is slight, and the general symptoms comparatively 
trifling. The febrile process is usually of short duration, 
lasting from a few hours to some days. 

After the pyrexia has continued for a short time, the 
diaracterisiic paralytic symptoms are developed. Occasionally 
the paralysis occurs during the night, and the febrile disturb- 
ance may be so slight as to escape notice ; in other cases the 
febrile symptoms absorb attention, and the paralysis is not 
noticed imtil the pyrexia has subsided. The essential feature 
of the paralysis is that the highest degree of motor impair- 
ment is at once reached, any subsequent changes being in the 
direction of improvement. 

The distrilrution of the paralysis varies in different cases, 
and depends upon the exact extent and situation of the 



184 POLIO-MYELITIS ANTERIOR ACUTA. 

lesion. In many cases the distribution is paraplegic (some 
muscles of both lower extremities being affected), in others, 
all four limbs are involved ; occasionally the distribution is 
monoplegic, and still more rarely hemiplegic. According to 
Buzzard the muscles of the trunk are not infrequently 
affected;^ the same writer states that in very exceptional 
cases some of the muscles supplied by the medulla oblongata 
and pons are paralysed.* 

All the muscles of a limb are very rarely affected ; some 
muscles or parts of muscles usually escape; and it is im- 
portant to remember that the pai*alysis attacks muscles 
and parts of muscles which are functionally related. This 
is exactly what we should expect on the supposition that 
the motor nerve cells of any given segment represent a 
functional grouping of muscles; in other words, destruc- 
tion of any given anterior comu will not produce para- 
lysis of one muscle, but paralysis of several muscles or 
parts of muscles which functionate in concert. Professor 
Remak ^ has described several types ; in the upper extremity, 
for example, an ^ upper arm typel in which the supinator 
longus, a muscle of the forearm, is affected along with the 
brachialis anticus, biceps and deltoid (muscles of the upper 
arm) ; and a * forearm type' in which the supinator longus 
escapes, but in which the extensors of the wrist (muscles of 
the forearm) are affected. 

Hie condition of the paralysed muscles, — ^The paralysed 
muscles are flaccid; some of them (those connected with 
nerve cells which are seriously injured) undergo rapid atrophy, 
and present the 'reaction of degeneration.' The reflexes 
are much impaired or entirely abolished, as shown in fig. 107. 
Fibrillary twitchings are usually seen in the paralysed parts. 

There are no marked sensory disturbances, though in 
some cases muscular pains and tenderness on pressure over 
the affected muscles are observed;* the functions of the bladder 
and rectum may for a few houra or days be temporarily 
arrested, but are never permanently interfered with ; trophic 
disturbances in the skin do not occur.* 

1 Diseases of the Xervotu Syitemy p. 43. 3 ijoc, ciL p. 44. 

» Archivu/iir Psyc/uatrie, 1879. 

* Myalgic paiot of this dcscriptioD are much more common in the adult than 
io the iufantile variety. 

* For the explauation of the aymptoma, positive and negative, eee page 51. 
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Fig. 107. — Diagrammatie rfpraentalion of the gymplonu tokick result from acute 
destruction oftht anterior corttua of the spinal cord. 

On the left aide the destruction of the nerve cells is complete ; the anterior 
DerTa roots, motor nerve fibres, and muscles, which they supply, are all de- 
generated; there is a total * block* to the passage of voluntary motor and 
reflex motor impulses. On the right side two-thirds of the motor cells are 
destroyed; two-ttiirds of the muscular area connected with the right anterior 
coma are degenerated and atrophied ; one-third (M) remains healthy, and can be 
made to contract by voluntary or reflex motor impulses. 

Exceptional cases, — Very exceptionally, as Dr Buzzard has 
pointed out, muscles supplied by cranial nerves, such as the 
facial, are affected.^ 

Progress of the case, — ^A certain amount of improvement 
almost invariably occurs, but it is quite exceptional to meet 
with complete recovery ; some muscles usuaJly remain per- 
manently atrophied and paralysed, and in severe cases a 
permanent paraplegia or monoplegia remains. 

The temperature of the paralysed and atrophied limbs is 
permanently lowered ; the development of the bones is often 
arrested, and the joints become unduly mobile ; deformities 
and contractures, such as club-foot, frequently result, and are 
usually due to cirrhotic changes in the muscles, and to the 
unrestrained action of antagonistic (non-paralysed) muscles. 
The development of the genital organs is not interfered with. 

1 Medical Press and Circular, February 23, 1881. 
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Diagnosis. — ^During the febrile stage the condition may 
be mistaken for one of the exanthemata, or any other febrile 
affection. A positive opinion cannot be given until the de- 
velopment of the paralysis; in those cases, therefore, in which 
the patient is seen before the onset of the paralysis, the 
physician must be content to defer his diagnosis, and to watch 
the future course of events. 

When the paralysis has developed, there is no longer any 
difficulty ; the symptoms (positive and negative) show without 
doubt that the lesion is limited to the anterior carnu; while 
the acute onset, and the fact that the highest degree of par- 
alysis is at once rea/^hed, distinguish the condition &om all 
other affections of the same region. 

The rapid diminution or total disappearance of the faradic 
contractility when the peripheral electrode is applied directly 
to the affected muscles, together with the rapid atrophy, tlie 
diminution or abolition of the reflexes, and the absence of any 
marked sensory disturbances are diagnostic indications of the 
highest value.^ 

It would be imposeible to distinguish the * system disease/ polio- 
myelitis anterior acuta, from an acute * indiscriminate * myelitia, which 
happened to be limited to the anterior cornu. Practically such a limita- 
tion does not occur. It would, too, be impossible to distinguish the 
disease from an acute destructive lesion confined to the anterior roots, 
but as a matter of fact, this difficulty does not occur ; for it would be 
hardly possible for an acute extra-medullary lesion, such as menin- 
gitis, to seriously injure the anterior, without at the same time im- 
plicating the posterior roots, and without producing marked aenaory 
disturbances. 

When the patient comes under observation during the 
atrophic stage, it may be impossible from the mere condition 
of the paralysed parts to give a positive opinion, for the 
same condition of atrophy might result from svbacuie or 
chronic destruction of the anterior cornu ; but the history of 
the case (the acute onset, and the immediate occurrence of 

I In a case reported by Dr Hughes Bennett, London, which I hare recently 
had an opportunity of examining, a young lady was thought to be suffering from 
hysterical paraplegia, and it was only when Dr Bennett had demonstrated the 
^ reaction of degeneration ' that the true nature of the offection was discovered. 
Even now, when the subsequent progress of the case has fully couflrmed 
Dr Bennett's view, some of tho patient's friends refuse to believe iu the organic 
nature of the aflfection. 
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paralysis) has only to be ascertained in order to settle the 
point^ 

In some cases of rickets and ot/ier toasting diseases in 
children, the lower limbs are very much emaciated, and the 
condition at first sight may be taken for ' infantile paralysis ;' 
but there ought to be no difficulty in coming to a correct con- 
clusion, for the muscular atrophy is general, not local ; there 
is no true paralysis, but only muscular weakness ; the history 
usually gives decisive information, and the associated symp- 
toms of rickets or some other cause of emaciation are present 

Prognosis. — The disease very seldom proves fatal. When 
the acute stage is recovered from, as it is in the vast majority 
of cases, the affection does not tend to shorten life ; sexual 
development is not interfered with ; the disease does not tend 
to recur.' 

A fatal result during the acute stage is to be dreaded when 
the febrile process is very severe, and does not quickly sub- 
side, and when s3anptoms, pointing to complications on the 
part of the cerebral nerve centres or other important organs, 
are present. 

The prognosis as to the subsequent course of the paralysis, 
is to be guided by the extent and severity of the lesion, 
especially by the extent of rapid atrophy, and by the number 
of muscles which present the 'reaction of degeneration;' 
muscles which continue to react to the interrupted (faradic) 
current will certainly recover; while those which do not 
respond to the electric current, after some months of treatment, 
will in all probability remain permanently atrophied. When 
then, the reaction of degeneration is widely diffused and 
typically marked, the lesion is a severe one, and we know as 
a matter of experience that considerable atrophy will pro- 
bably remain ; the presence of the reaction of degeneration is 

1 Th0 different]*] dugnoris of acote and rabacate inflammation of the anterior 
eomna ia afterwards considered in more detail. (See page 198.) 

s Cases liaTe been reported in which there haye been two, or even three ezaoer* 
batioBS CT separate attacks at the commencemont, but these cases are quite ezcep- 
tiottsJ. The statement in the text refers to the risk of future snd entirely fresh 
attacks. Dr Gowers states that he has * seen two caiies in which, sfter infantile 
paralysis in childhood, symptoms of slow degeneration — lateral sclerosis— came 
on in adult life. . . . Erb has recorded a similar case.* — BriiUk Medical 
Jomrnal^ If sy 20, IMT^, p. 780. 



188 POLIO-MYELITIS ANTERIOR ACUTA. 

not, however, a certain indication of permanent paralysis, for 
muscles which present this change may completely recover, 
such recovery is, however, rare in infantile paralysis. 

When the caae comes under observation during the atro- 
phic stage, and when some of the paralysed muscles still re- 
spond to the electric current, a certain amount of improvement 
may be confidently predicted. The amount of improvement 
will depend upon the number of muscular fibres which respond 
to electricity, especially to the interrupted (faradic) current. 

Treatment. — ^When the patient is seen before the develop- 
ment of the paralysis, the indications for treatment are, to 
reduce the fever, and to relieve any urgent symptoms which 
may be present. A calomel purge should be administered, 
and a febrifuge mixture prescribed. When the attack is 
ushered in by a convulsion, and when the patient is seen 
in the fit, cold water may be applied to the head, and the 
child placed in a blanket-bath. If the convulsions recur, 
bromide of potassium or chloral may be combined with the 
febrifuge. 

After the paralysis has developed, and the true nature 
of the disease is apparent, we must endeavour to arrest and 
allay the inflammatory process. Ergotine^ should be given 
in full doses, with the object of producing contraction of the 
blood-vessels of the affected part ; belladonna^ has also been 
strongly recommended by Professor Brown-Sequard for the 
same purpose. Leeches or dry cups may be applied over the 
region of the spine corresponding to the affected part. Pro- 
vided that the patient is sufiiciently old and docile, he should 
be placed in the prone position, and cold, in the form of 
Chapman's ice-bags, applied to the spine. When the patient 
will not or caimot lie on his face, he should be placed, as Dr 
Gow^ers recommends,* on his side, the object being to avoid 
the dorsal position. The febrifuge mixture should be con- 

1 Dr Althans gives ono-fourth of a grain for a child from one to two years of 
age ; one-t)iird of a grain for a child of from two to five years ; half a grain for a 
child of from five to ten years ; and one grain for patients above ten years of age. 
The drag may be administered subcutaneously, or by the mouth. It should be 
repeated twice dail}'. 

3 From one-twentieth to one-sixth of a grain of the extract of belladonna may 
bo given to a child, but the effects must be carefully watched. 

* BritUh Medical Journal, May 1882, p. 7dU. 
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tinued ; where the fever is high, quinine or the salicylate of 
soda may be given. The diet should consist entirely of milk ; 
the room must be well ventilated and not too hot. 

After the fever has subsided, iodide of potassium may 
be combined with ergot. Some authorities recommend the 
inunction of mercury at this stage, but I doubt its utility. 
At the end of a month or six weeks from the beginning of 
the attack, the galvanic treatment of the case may be com- 
menced; a current of medium strength should be passed 
through the cord at the seat of the lesion, in the manner 
already described (see p. 171). The nutrition of the paralysed 
muscles must be maintained by means of friction and 
electricity; muscles which respond to the interrupted current 
should be faradized; others should be stimulated by the 
constant current; this is, in my opinion, a most important 
part of the treatment, and I cannot see that any harm is 
likely to result from it in consequence of reflex stimulation 
of the nerve cells, as some authorities have supposed. 

At the end of a month or six weeks the iodide of potas- 
sium may be discontinued, and the syxup of iodide of iron, 
Parrish's compound syrup of phosphates, or arsenic, to- 
gether with cod-liver oil, substituted. Dr Hammond^ and 
some other authorities speak highly of strychnine, but 
many competent observers have not seen much benefit from 
its use. It is essential to maintain the general health in 
the highest state of efficiency. The diet must be light and 
nutritious. The patient must not be exposed to extremes of 
heat or cold, but, provided that the weather is favourable, 
he should have plenty of carriage exercise. Sponging the 

1 The followiog is Dr Hunmond's mode of prescribiog it : — 

1^ Strjchnin snlphatis . gr. i. 

Ferri pyrophosph 3 ss. 

Acidi phosphorici dil . iw. 

8jT. ZiDgiberis . . . . g iiisR. 
«l ft mist. 

Dow, a t^Afipoonfal or less, according to the ago of the patient 
A child of from three to five yeara of age can take half a teaapoonful of thia 
mixture thrice daily ; or, the atrychnia may be given advantageously in the form 
of hypodermic injections in doses pnitable to the age. In children under one 
year old, the ninety-sixth of a grain is as much as should be given at a dose, and 
ander six months It should not be admiuistered at all.* — Ditfturs ofiJkt Xtrvou$ 
SpttfBiy p. 4S1« 
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back and limbs with tepid salt (sea) water is highly bene- 
ficial in some cases. Great care must be taken to prevent 
the paralysed parts becoming fixed in a vicious position. 
Passive flexion should be regularly practised ; and in some 
cases it is necessary to overcome the tendency to contractures 
by mechanical supports. 

This treatment should be continued for several months, 
until in fact the maximum of improvement has been obtained. 
Where deformities are already established, section of the ten- 
dons may be required. Professor Volkman has, as I have 
previously mentioned (see page 175), recommended resection 
of the knee-joint in those cases of paraplegia in which the 
muscles of the hip are not paralysed, and in which the patient 
is unable to walk for want of a firm support. 



ADULT VARIETY. 

Polio-myelitis anterior acuta is a rare condition in the 
adult. Its general features are the same a.s those which I 
have described as characteristic of the infantile variety, but 
there are some slight differences : muscles supplied by cere- 
bral nerves are more frequently affected in the adult than in 
the child ; headache is often observed at the commencement 
of the attack ; in a case which came imder my own observa- 
tion recently, there was temporary aphasia; aching pains, 
occasionally associated with tenderness on pressure, are 
more often experienced in the affected muscles, and in some 
cases all over the body ; contractures and deformities seldom 
result in the adult in whom the bones and joints are fully 
formed. 



SUBACUTE INFLAMMATION OF THE ANTERIOR 

CORNUAL REGION 

Synonym. — Paralysie g^n^rale spinale ant^rieure subaigue 
(Duchenne). 

This is a rare affection, which, so far, has been almost 
exclusively observed in adults between thirty and fifty years 



POUO-MYELITIS AXTEBIOR SUBACUTA. 191 

of age, but which, as Erb ^ and Hughes Bennett* have shown, 
also occurs in children. Probably, as Bennett suggests, * the 
disease has hitherto been overlooked or confounded with 
other affections. As the more precise methods of modern 
investigation become more widely spread, as electrical and 
other physical tests are more universally employed in the 
diagnosis of nervous lesions, it will doubtless transpire that 
the disease imder discussion is not so rare as is at present 
supposed.'' One case only has come iinder my personal 
ol^rvation. The following brief account of the disease is 
mainly taken from the works of Duchenne* and Erb.* 

Pathology. — In the few cases that have as yet been 
examined post-mortem^ evidence of chronic inflammation in 
the r^on of the anterior comua was found. The multipolar 
nerve cells were more or less extensively destroyed ; the ves- 
sels dilated ; the connective tissue thickened ; the nuclei and 
Deiters' cells more prominent and abundant than in health. 
Erb suggests that degeneration of the peripheral nerves and 
muscles may possibly result in some cases from mere func- 
tional derangement of the trophic centres (i.e. the multipolar 
nerve cells of the anterior cornu).® 

jEtiology.— Nothing definite is known as to the causes of 
the condition. Erb throws out the hint that some of the 
cases ipay be due to lead poisoning, and, in support of this 
opinion, quotes the undoubted clinical fact, that paralytic 
symptoms, exactly resembling those which occur in this 
affection, do sometimes result from plumbism. 

Mode of Onset, Symptoms, and Course. — As a rule, the 
onset is gradual. In some cases premonitory symptoms, con- 
sisting of acliing pains in the back and limbs, a feeling of 
excessive weariness and weakness, or slight febrile disturbajice, 
are observed. 

The first characteristic sjTnptom is motor weakness, which 
gradually increases, and ultimately becomes complete. In 
the large majority of cases the lower limbs are first affected 

1 Bram, April 1S88, p. 7. < VEUctrimiitm locaUAee, 1872, p. 458. 

> Brmm, October 1883, p. 289. * ZkmsHHS Cyclopwdia of Medicine, vol. ziii. p. 712. 

* Brmm, October 1888, p 298. • Brain, April 1883, p. 9. 
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(the ascending type of Duchenne) ; the muscles of the leg are 
first invaded, then those of the thigh, and finally those of the 
hip. 

The paralysis presents all the characteristic features which 
result from a lesion of the anterior horn ; the muscles rapidly 
become atrophied, and present the 'reaction of degeneration*; 
the reflexes are at first diminished, and soon completely 
abolished ; and it is important to observe, that the paralysis 
is the first event, and that the atrophy occurs subsequently. 
The sensory functions are practically intact ; slight numbness 
may be present, but there is never much anaesthesia. The 
functions of the bladder and rectum are not interfered 
with. 

The rapidity with which the disease is developed varies 
in different cases ; the muscles first affected become rapidly 
paralysed and soon atrophied, but the maximum ext^rit of 
motor impairment may not be reached for months, or even 
for years. After the lower extremities have become para- 
lysed, the upper limbs are in turn involved; the extensor 
muscles of the fingers being the first to suffer, and subse- 
quently those of the upper arm and shoulder. The muscles 
of the trunk may also be affected. 

In exceptional cases the paralysis first affects the muscles 
of the upper extremities, and then extends to the lower limbs. 
This is the descending type of Duchenne. The muscles on one 
side of the body may be more paralysed and atrophied than 
those on the other. 

A stationary period now generally occurs, but in some 
cases the lesion continues to extend, ultimately reaching the 
upper part of the cord and the medulla oblongata; bulbar 
symptoms are then developed, and death results from respira- 
tory complications. 

In the majority of cases, improvement occurs after .the 
stationary period has lasted for a few weeks or more. Ee- 
covery takes place in the reverse order to the mode of 
onset, the muscles last affected being the first to recover. 
In exceptional cases the recovery is complete ; but generally 
some paralysis remains. The total duration of the disease is 
usually from one to four years. 

Diagnosis. — The symptoms, negative and positive, clearly 
show that the morbid process is limited to the region of the 
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autcrior cornu.^ The fact, that the paralysis and atrophy are 
sometimes completely recovered from, seems to show that 
the destruction of the multipolar nerve cells is not usually 
complete, for nerve cells which are once completely destroyed 
are not, so far as is known restored. 

The affection has to be distinguished {roin polio-myelitis 
afUeinor acuta, progressive muscular atrophy and lead paralysis. 

The differential diagnosis of subacute injlariiiiiation of the 
anterior cornua and polio-myelitis anterior acuta is given 
in the following table : — 



Age. 



OSSET. 



Snbftonte TnflaTnmation of the Folio-myelitU Anterior 
Anterior Horn. Aonta. 

UbuhIIj in adalto, between Rarely in adults, 
the ages of thirty and 
fifty ; rarely in children. 



Gradoal; fever slight or 
absent ; no cerebral 
symptoms. 



The Pasaltsis. The paralysis extends 

from pomt to point, 
• nsnally from below up- 
wards ; the maximum is 
never at once reached. 

Result. Usually ends in recovery, 
which may be complete. 
When f atal,death occurs 
after two, three, or four 
years, and is usually 
due to extension to the 
medulla oblongata. 



Sudden; fever may be consider- 
able ; cerebral symptoms 
(epileptiform convulsions, 
etc.) at the outset are not 
uncommon in children. 

The maximum is always at 
once reached. Any subse* 

3uent changes are in the 
irection of improvement. 



Very seldom fatal, but some 
paralysis and atrophy 
usually remain. When 
death does occur, the fatal 
termination usually takes 
place at the outset. 



1 The affection presents niaoy points of rofsemblance to some forms of paralysis 
which depend upon peripheral lesions. The points of distinction are, however, 
more marked than those of resemblaooe, and B«em to me to differentiate clearly the 
two groups of cases. In peripheral paralyses depending upon lesions of sensory- 
motor nerves, sensory disturbances are of necessity much more prominent ; 
{Aiofal sensations are experienced in the affected parts, and there is usually con- 
siderable anesthesia ; the fact tliat the morbid process sometimes extends to the 
iiM»daUa oblongata, producing well-marked bulbar symptoms, is in favour of a 
oeotrml lesion; and these clinical arguments are conflrmed by the few cases in 
which a careful examination of the cord has been made after death. 

N 



194 SUBACUTE INFLAMMATION OF THE ANTERIOR HORN. 



The differential diagnosis of sttbacute inflammation of the 
anterior comiml region, and progressive muscular atrophy. 



Subacute InflAmmation of the 
Anterior Horn. 

Muscles First In the large majority of 
Aff£CTED. cases the muscles of the 

lower extremities are 
first afifected. 



The Condft on The affected muscles are 



OF THE 

Affected 
Muscles. 



first paralysed, and 
subsequently become 
atrophied. Whole mus- 
cles, or groups of mus- 
cles, are attacked at 
the same time, and 
rapidly atrophy. They 
present the reaction of 
degeneration. The re- 
flexes are abolished. 



Termination. 



The disease does not, as 
a rule, destroy life. The 
improvement is often 
considerable, and occa- 
sionally complete. 



Progressive Mnaciilar 
Atrophy. 

In the large majority of cases 
the muscles of one upper 
extremity (small muscles of 
the hand or deltoid) are first 
affected. 

The atrophy is the first event ; 
the loss of motor ^wer fol- 
lows, and is in direct pro- 
portion to the mu9<iilar 
wasting. The atrophy never 
invades a whole muscle at 
once, but destroys indi- 
vidual fibres and groups of 
fibres. The reaction of de- 
feneration is not present, 
in the typical form. The 
reflexes are retained until 
all the muscular fibres are 
destroyed. 

The disease is usually fatal; 
muscles which have once 
atrophied do not recover. 



The differential diagnosis of svhaciUe inflammation of the an- 
terior comual region (Paralt/sie g&n6rale spinale anUrieure 
subaigiie ofDuchenne) and lead paralysis. 

There is of course no difficulty in distinguishing the 
typical form of lead palsy (ivrist-drop) from the affection 
which we are now considering. Chronic lead poisoning does, 
however, sometimes give rise to a general form of muscidar 
atrophy, which very closely resembles the paralysie gdndraU 
fijnnale antirieurc subaigm of Duchenne ; in fact, the symp- 
toms are in some cases identical, and the lesion in cases of 
lead paralysis is thought by some to be a subacute inflamma- 
tion of the anterior cornua. In such cases the distinction can 
only be made by observing the mode of development of the 
symptoms, and the presence or absence of associated evidence 
of lead impregnation, viz., the blue line on the gums, lead colic, 
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lead rheumatism, etc. ; the occupation of the patient should 
be ascertained^ and, if necessary, the water which he is in 
the habit of drinking, tested. 

Prognosis. — In most cases the prognosis is favourable as 
regards life ; in some, recovery is complete ; in the majority, 
some paralysis remains ; some prove fatal from extension to 
the medulla oblongata. 

Treatment. — ^The treatment is essentially the s^e as 
that which has been recommended in polio-myelitis anterior 
acuta after the febrile stage has subsided. 

PROGRESSIVE MUSCULAR ATROPHY, 

Tliis affection is comparatively common. It is one of the 
most chronic, atid incurable of aU spinal affections. There 
are probably two varieties of the disease; (1.) a typical 
form, which commences in the upper extremity, usudly in 
the small muscles of the hand, and in which individual fibres 
and groups of fibres are gradually destroyed; and (2) an 
irregular form, which usually commences in the muscles of the 
lower extremity, and in which whole muscles, or groups of 
muscles, rather than individual muscular fibres and parts 
of muscles, undergo atrophy. Many of the cases included 
in the latter group are doubtless identical with the paralt/sie 
gifUrale spinale anterUure mbaigue of Duchenne. In the 
following description, I shall limit my remarks to the typical 
form of the disease. 

Pathology. — Tlie exact pathology of progressive muscular 
atrophy is a subject which has given rise to endless discus- 
sion. Some authorities hold that the morbid process com- 
mences in the mu.scles ; others think the primary lesion is a 
slow destruction of the multipolar nerve ceUs of the anterior 
comu, and that the muscular atrophy is secondary to the spinal 
lesion. The latter view is the one which is now generally 
accepted, and there can, I tliink, be little doubt that the 
anatomical substratum of the typical form of progressive mus- 
cular atrophy is slow destruction of the motor nerve cells of 
the spinal cord. 

Some authorities think that the spinal lesion is an ex- 
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treinely chronic inflammation ; otliera that it is a degenera- 
tive process. Be this as it may, the effect of tl^e process is to 
produce gradual destruction and disappearance of the motor 
nerve cells of the anterior horn. 

On microscopic examination of well-marked cases, the lesion 
is seen to be practically confined to the anterior comual 
region. The nerve cells are in all stages of atrophy and de- 
struction, their processes wasted and degenerated. In two 
well marked cases reported by Pierret and Troisier,^ the atrophy 
of the. nerve cells of the anterior horn was simple, the cell 
processes were wasted, the atrophied cells, even tlie smallest, 
still contained a nucleus ; exactly the same conditions were 
also found by Charcot and Gombault.* Luys, Lockhart Clarke, 
and others, have observed dilatation of the blood-vessels of 
the affected region, and thickening of the vascular walls. In 
some cases, compound granule corpuscles and oil globules are 
scattered through the affected parts of the cord, apparently 
replacing the nerve cells, and adhering to the outer coats of 
the vessels. 

The anterior nerve roots proceeding from the affected part 
of the cord are atrophied, but seldom to the same extent as in 
polio-myelitis anterior acuta. The anterior column of the 
cord through which the affected anterior roots pass, and the 
adjacent parts of the cord sometimes exhibit sclerotic changes. 

Tlic condition of the affected muscles, — To the naked eye the 
muscles are pale and fawn coloured. The interstitial connec- 
tive tissue, and, in some cases, the interstitial fat, are increased. 
The atrophy of the fibres is, according to Pierret and Char- 
cot (see fig. 172, page 204), a simple atrophy, the transverse 
striie being preserved until the end; the nuclear proliferation 
and fatty infiltration of the fibres, which are seen in polio- 
myelitis anterior acuta, are not genemlly present, though in 
some cases these changes have been observed. 

General Considerations and ^Etiology. — The disease 
is essentially one of adult life ; cases are seldom met with 
])efore the age of twenty-five. The period of greatest fre- 
<iuency is between thirty and fifty. 

The psemlo-hypertrophic paralysis of children is thought by Bome 
writers to be i<leiitical with progressive muscular atrophy. The two 
affections undoubtedly present many analogies, but are prohably distinct. 

1 ArchirM de Physntlty^jir, 1K75, vol. ii. pHgo 243. 2 Ifnd. piig«» 747. 
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Males are much more frequently affected than females. 

Of 17'j ease/ collected by Friedreich, ouly tbirty-three, or about 19 
per cent-f were females. 

The disease is often hereditary , and cases have been re- 
ported in which the affection has been handed down through 
as many as live generations. Various exciting causes have 
been described; excessive muscular exercise (and the con- 
sequent exhaustion of certain muscles) is a well ascertained 
cause, and explains the tendency to the affection in per- 
sons who follow particular occupations ; traumatic injuries ^ of 
peripheral parts seem occasionally to give rise to the condition ; 
a chill is sometimes the only apparent cause ; the affection has 
been known to follow an attack of typhoid, measles, or acute 
rheumatism ; lead impregnation is sometimes followed by a 
general form of the disease, and I have seen one case in 
which it was apparently the cause of the typical variety. 

Onset, Symptoms, and Course. — The onset is ver}- 
gradual, and is not attended with febrile symptoms. In many 
cases, the patient is unaware of his condition until the disease 
has made considerable progress. The first symptom to attract 
attention is motor weakness ; on examination, the weakened 
muscles are found to have imdergone considerable atrophy, the 
muscular weakness being in direct proportion to the muscular 
wasting. The atrophy gradually increases, and the muscular 
weakness becomes gi*eater, but there is no true paralysis until 
the muscular fibres are entirely destroyed. The interossei or 
thenar muscles of one, generally the right, hand, are usually 
first affected ; occasionally the deltoid is the first to suffer ; 
exceptionally the disease commences in the muscles of the 
trunk, and still more rarely in those of the lower extremity. 

Of 146 cases collected by Friedreich, 111 commenced in the upper 
extremity, 27 in the lower extremity, and 6 in the lumbar muscfeft. 
Duchenue only saw the dinease commence twice in the lower extre- 
mities, out of l.'i9 cases. 

Tfu condition of the affected muacles. — Tlie affected muscles 
are jUiccid. The typical fonu of the ' reaction of degenera- 
tion' is not present, but the partial fonn (see page 115) can 

I Possibly thin was the osuKf in s caiio whicli I linve reported in Brain^ vol. 
t it. |Hige S96. 
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usually be detected, the force of the muscular contractions 
produced by the faradic (interrupted) current is in direct 
proportion to the number of healthy muscular fibres which 
remain. The rejleoces may be increased ^ in the earlier stages, 
but soon become diminished; it is not, however, until the 
muscular fibres are entirely destroyed that reflex movements 
are entirely abolished. (See fig. 108.) 




Fio. lOS. — DUigrammatic representation of the sympionu vhich retuft from sUm 
destruction of the multipolar nerve cells of the anterior <xmu. 

On the left side the disease is in an early stage. One nerve cell (a') is com- 
pletely destroyed. Its muscular fibre (!') is completely atrophied. Voluntary 
motor and reflex motor impulses are ' blocked ' at the seat of the lesion (a'). One 
nerve cell (&') and its muscular fibre V are very much atrophied, but feeble motor 
and reflex impulses can still pass through the cell to the muscle. Two nenro 
cells c' c' are healthy. Their muscular fibres are of normal bulk, and can be 
made to contract either by voluntary or reflex impulses. 

On the right side the disease is much more advanced. The muscular area is 
three-fourths degenerated. There is a total * block* at a and a. This condition 
represents a late stage of progressive muscular atrophy. The atrophy of the 
muscular fibres is represented as simple. 



1 In many wasting diseases, as for instance in phthisis, there is increaeed 
muscular irritability. Under such circumstances the reflexes, especially the deep 
reflexes, may be more easily obtained than in health. 
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FibriUary tvntckitujs occur in the affected muscles ; they 
are, as I have previously stated, more frequent and constant 
in progressive muscular atrophy than in any other affection, 
but are by no means pathognomanic. The temperature of the 
affected parts is lowered, and the patient almost always ex- 
hibits increased sensitiveness to cold. 

Muscular (myalgic) and joint pains, resembling rheuma- 
tism, are not uncommon, but the skin sensibility is not 
deranged to any noticeable degree. There are no trophic dis- 
turbances in the skin. The functions of the bladder, rectum, 
and sexual oi^ns are all perfectly normal. 

Atrophy of the interossei (the muscles of the forearm 
being unaffected) causes a peculiar alteration in the position 
of the fingers, to which the term ' claused hand,' or ' Tnain 
<» ffriffe; has been given (see figs. 109, 110, 112, and 113.) 




Th* iMiii n $riffr in prn|n«u[TB nius- 
enlar almphT. Tbe ialeroMFf aod 
Iheinr miudci are almcwt eutjrely do- 
atrofBil.— (.1/Iir Ducktmit.') 



Flo. IIU. 

The ntflin tn grift *hich reaslU 

fruiD paraJjiii* of the lolrroawi In 

conaeqiietics of > tnumilic ImIod of 

Itw uluir ^erre.-(_Afltr Vucitnnt.) 



The manner in wliich this alteration in the position of the 
fingers is produced is as follows : — 

The combined action of the internal and external inter- 
ossei produces (as Buchenne was the Erst to demonstrate) a 
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movement of the fiogers in which the first phalanx is flexed 
on the meta-carpiis, and the second and third phalanges are 
kept extended ; in other words, the fingers' are placed in 
the writiDg position. The direction of the tendon of the 
int«rossei perfectly explains this contradictory action upon 
the phalanges ; in the first part of its qourse (from the meta- 
carpal phalangeal articulation to tlie upper surface of the 
first phalanx) the tendon is directed obliquely from above 
downwards and from before backwards (see fig. Ill), there 
is therefore flexion of the phalanx on its mete-carpal bone 
■during contraction of the muscle ; the second part of the 
tendon, united by an aponeurotic expansion to the tendon of 
the common extensor, is placed on the back of the phalangeal 
articulation, and consequently produces their extension.' 



Fio. 111. 

EiwiJingtT nflht rigil hand, iriVi Ut iAj 

i^Afler Dochatnt.) 

(d) DorukI interDBSeoiia or adduclar muGclii; (it) pbakogenl tenJoD of Ibr 

dorsal iutoroswons; (t) taudon of the eiWosor communia ; (rf) Bponeiirotic 

oftWenle'usor. 

Now, when the interossei are paralysed, the opponent 
muscles have full play, the result being extension of the 

I L'UlKlritUhn locali,ir, 187!, p. 9I>6, tl $eq. 

1 According to Diiclieime tha luleroni^i nrc tlie onlf flpiora ot tbe flr>t 
plialBQi, aDdtlieODlyeiteUBorsof tbi> wcoud >ad third pliaUngeB. He add*, 'Lai 
tonibricaui aonl, il etl rrni, muxilinires do ces moDTemmti; inula ill nViercviil 
point d'nction df lati^rntilit mir IcB iloiglH.— /xc. eil., piigi>947. 
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first, and flexion of the second and third phalanges; in 
short, the hand assumes the bird-claw position. 

The 7nain en griffe is not pathognomic of progressive 
muscular atrophy ; it indicates paralysis of the interossei, a 
condition which may, of course, be due to any lesion of the 
ulnar ner>'e. The appearance of tlie hand in the two cases 
(progressive muscular atrophy and paralysis due to a lesion 
of the ulnar nerve) is, however, somewhat different, a fact to 
which attention was first directed by Duchenne; in pro- 
gressive muscular atrophy, all the fingers are equally 
affected ; in paralysis of the ulnar nerve, the ring and middle 
fingers are more particularly involved. (See figs. 109, 110, 
112, and 11.5). 



Dehcripttok 07 Figs. 112 and 113. 
The condition of the Hand ajltr a lesion of the Ulnar Xerve. 

The patient, a labourer, nt 47, came under my notice iu the year 1879. 
Eighteen years previously he received a severe cut with a cooper's kuife in the 
region of the left elbow. The wound did not heal for eight or nine months, and it 
was fourteen months before he could use the hand at alL 

A cicatrix two inches long extended from the tip of the olecranon to the internal 
condyle, which was much thickened. All the muscles supplied by th» ulnar nerve 
were paralysed, the wasting of the interossei being well seen in fig. 112. The main 
'en grift was well marked. 

Tactile sensibility was impaired in the little linger ; sensibility to pain was 
completely abolished in the litUe finger, and much impaired in the ring finger. 

Soon after the injury the nail of the little finger began to come off in hard, dry 
chips, and ultimately it was completely detached. — (See fig. 118.) The padeut 
stated * tliat every three or four months a bleb, containing * water as clear as 
crystal,* forms on the tip of the little finger; it appears in the course of a few 
hours, usually through the night, and is sometimes as large as a grape. For 
s<iiiie days before the bleb forms he feels a stinging sensation in the region of the 
cicatrix.* 

Tlie appearance which the hand and foi^earm present in 
progressive muscular atrophy are well shown in figures 114, 
115, and 116, which are copied from Duchenne. 

After the condition, just described, has continued for a 
longer or a shorter jMiriod, and after the atrophy in the parts 
first affected has made some pi-ogress, other muscles are 
attacked in a similar manner. The homologous muscles on 
the opposite side of the body are usually next aflfccted. 
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Fio. 114, 



Fio. 115. 



f 10. 116. 



Fio. 114. — Hand in a chb of progreasive diiiscuI*t itroph; which comiae Deed 
in the muacles of the thumb. — {AfttT Vticktrnte.) 

FlOB. 11& AMD116.— Uandijthe muscles o[ irliicb ars iluiOBt entirely deatrojed, 
(rem ■ cue of progreisiTe muscular atropbj, which bad become general at the 
end of two yuKe-^AJUr Ducitnne.) 

When, for instance, tlie muscles of the right hand are the first 
to suffer, the muscles next invaded are those of the left 
hand ; in other words, the morbid process extends to the 
opposite anterior cornu in the segment first affected. Ex- 
ceptionally the lesion extends upwards in a vertical direction, 
and attacks the anterior cornu of another spinal segment on 
the same or ou the opposite side of tlie body. In this 
manner the deltoid may be the muscle next invaded. The 
atrophy, progresses then, by leaps, and invades muscles or 
groups of muscles which are widely separated, but whose 




nt t ifft a niu* a/du hmd 



FM. 11! 



Pot k dMOrlpUoD □( tbit pbto nt ff SOI. 




Fio. IIS 

Thi apptaramct of tin hand {palmar atptel) ^fltr Sriiiam ^IM ni 
For t dMoripUou of tlii< pUu m» fft IM. 
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nerve nuclei are in close juxtaposition — ^a strong argument in 
favour of the central (spinal) theory of the lesion. 

After the muscles, or rather some of the muscles, of both 
upper extremities have become invaded, the atrophy may- 
extend to the muscles of the trunk, and then to those of the 
lower extremities ; in the course of time almost all the volim- 
tary muscles of the body may become implicated. In some 
cases the nerve-nuclei of the medulla oblongata are attacked, 
and bulbar symptoms^ are developed. 

In rare cases the atrophy commences in the trunk muscles, 
and produces characteristic alterations in the position of the 
trunk: where the lumbar muscles are affected, the back is 
strongly arched, and the line of gravity falls behind the 
sacrum (see fig. 117); where the abdominal muscles are 
extensively atrophied, the back is also arched, the result of 
the unopposed action of the sacro-lumbar muscles, but the 
line of gravity falls within the sacrum (see fig. 118). When 
the muscles of the lower extremities become involved, which 
is seldom until the last stage of the disease, the 'loosely 
strung ' gait (see page 86) may be observed. 

Death sometimes results from simple exhaustion, but is 
much more frequently due to extension of the disease to the 
medulla oblongata, or to some respiratory complication. 
When the intercostal muscles or diaphragm are atrophied and 
paralysed, a slight bronchial catarrh may prove fatal. 

Diagnosis. — The symptoms, negative and positive, clearly 
show that the lesion is limited to the anterior comu.* The 
disease can only, therefore, be confounded with polio-myelitis 
arUtriar cumta, or with the paralysie giTUrale spinale an- 
teridure svhaigue of Duchenne, 

1 By tbe term * bulbar symptoms,* we mean all tbo symptoms whicb are cbar- 
acieristio ol glosso-Iabial or bulbar paralysis, viz., difficulty in deglutition and 
articulation as weU as atropby of tbe tongue and facial muscles. Very exception- 
ally we flod atropby of tbe voluntary muscles supplied by nerves arising from tbe 
pons and medulla, but no difficulty in deglutition or articulation. I bave recorded 
such a case (see Brain^ voL iii. p. 896), in wbicb tbe muscles of one>balf of tbe 
tongue w^re in an advanced stage of atropby, but in wbicb tbere were no * bulbar * 
symptoms, properly so called. In tbis case, tbe condition of tbe tonfpie bad 
evidently lasted for some time, but tbe patient did not know tbat tbere was any- 
tblng tbe matter witb it. 

' Granting of course tbat tbe disease is duo to a Rpinal lesion, and tbat it is not 
a primary muscular affectiou. 
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Flo. 117. 
Fio. 117. — Atmplig 0/ Iht lambar miii$da in frogreuin MtueataT Atr^f. — 

iAJW Daehomt.) 
lu tlie erect position tLe back ia i-urved, so tint ■ Una, dnwo perpeadicnlarly 
do WD wards from the shoulders, [ftlls behiud the HCrum. 

Fia. IIH. — Atrnphg ■•/ tht aidominal mvcia in rregratin Matcaler Alroptg. 
—{A/trr Duchtnni.) 
Tbe biuk Is bent btckwHrds liy tha uuoppoiied BCtiou o( tlie lumbar Dinacles, 
wUck BTB lieKltE.)'. 

Tlie differential diagnosis of progressive viusatlar alropht/ 
and jMlio-myelitis anterior acuta is self-evident. In addition 
to other points of distinction which might be mentioned, the 
following are quite conclusive: — (a) the mode of onset of 
the attack (very gradual in the former, acute, in the latter) ; 
and (b) the fact that in polio-niyelitia anterior acuta there is 
from the tirst marked pnralysis, uliich ia followed after some 
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weeks by atrophy ; whereas in progressive muscular atrophy 
the muscular wasting is the first event, and the muscular 
weakness (which is in direct proportion to the muscular 
wasting, and can never be said to amount to true pamlysis 
until the termination of the case), is very slowly and gradually 
established. 



The differential diagnosis of progressive muscular atrophy y 
and the paralysie gSnirale spinak anteriiure subaigue of 
Duchenne has already been considered. (See page 193.) 

The main en griffe, which results from lesions of the ulnar 
nerve, may be mistaken at first sight for progressive muscular 
atrophy in its early stage ; but the appearance of the hand is 
somewhat different (see figs. 109, 110, 112, and 113); while 
the history of the case, the presence of an injury or cicatrix 
in the course of the ulnar nerve, and the condition of sensa- 
tion, are quite distinctive. The points of difference are shown 
in the following table : — 

Differential diagnosis of progressive muscular atrophy in its 
first stage, and paralysis resulting from a lesion of the 
ulnar nerve. 



ProgrefldTe Miucalar Atrophy. Lesion of Ulnar Nerve. 



Onset. 



Appearance of 
THE Hand. 



Very gradual — the atrophy 
18 the fimt event, the mo- 
tor weakncM Accondary. 

All the fingers are e<}iially 
flexed, for all the inter- 
of(i»ei are equally atro- 
phied 



Condition of Unaffected. 

SENSnilLITY. 



The Tbopbic No trophic Alterations. 
CoNDiTiOK or 
the Skin. 



Supposed 
Cai*8E. 



Often indistinct. 



In traumatic cases the on.«et 
is sudden, and the psraly- 
sis precedes the atrophy. 

The ring and little fingers 
are much more bent than 
the others, for the first two 
lumbrical muscles, which 
are supplied by a branch of 
the median nerve, escape. 

Ansesthesia of the skin of 
both sides of the little, 
and of the ulnar side of 
the ring finger. 

Tn)phic alterations in skin 
supplied by the ulnar nerve 
may be present. (See fig. 
113.) 

In traumatic cases there is 
a history of an injury, or 
the presence of a cicatrix 
in the coun-e of the ulnar 

IMTVe. 
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SecoTidary lesions of the anterior comual region, may 
produce a muscular atrophy, which, so far as the condition of 
the muscles is concerned, exactly resembles that seen in the 
advanced stages of progressive muscular atrophy. The history 
of the case, and the mode of onset of the atrophy are how- 
ever quite different; in all the secondary forms of atrophy, 
such as muscular atrophy complicating lateral sclerosis; 
amyotrophic lateral sclerosis; muscular atrophy complicat- 
ing sclerosis of the postero- external columns, etc., spinal 
symptoms of a distinctive character precede the atrophy, 
which does not follow the classical type. 

The Prognosis is unfavourable, most cases ultimately 
terminating in death. The duration is very variable: the 
majority of cases last for several years; some run a rapid 
course, and prove fatal within two years ; occasionally the 
progress of the disease is arrested, and this happy result 
seems sometimes to be due to treatment. 

Cases which progress rapidly, in which the atrophy 
tends to become general, and in which the disease is 
hereditary, almost invariably terminate in death. The prog- 
nosis is more favourable in those cases in which the disease is 
limited in distribution, and in which an exciting cause, such 
as over-use of the affected muscles, can be clearly traced. 
Where the intercostal muscles or diaphragm are affected, or 
where the lesion has invaded the medulla oblongata and pro- 
duced bulbar symptoms, a fatal termination is generally close 
at hand.^ 

Treatment. — Almost all authorities are agreed that the 
internal remedies which we at present possess are of little 
or no avail. The treatment should consist essentially in 
attending to the condition of the general health, and in the 
systematic exercise of the affected muscles by gymnastics^ 
kneading, and above all, by electricity ; each muscle should be 
regularly exercised in the manner described on page 173, and 
the constant current may at the same time be passed through 
the affected portion of the spinal cord. Arsenic, strychnine, 

^ A limited atrophy of the tongue without bulbar symptomSf as ic the caae to 
which I have previously referred, does not of necessity indicate a speedy termioa« 
don. 
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iron, and nitrate of silver may be given internally. In 
syphilitic cases iodide of potassium should of course be pre- 
8cril)ed. 

In persons who inherit a tendency to the disease, care 
must \)e taken to avoid all the exciting causes which we 
know by experience are apt to set up the condition; it is 
particularly important to avoid the over-use of any set of 
muscles ; exposure to cold and wet must also be carefully 
guarded against. 



LESIONS OF THE CKOSSED FyRAAf/DAL TRACT IN 

THE LATERAL COLUMNS, 



C 1. Primary lateral sclerosis. 



A. Primary sy^em lesions < 2. Amyotrophic lateral sole- 

( rosis. 

n cf J i 7 • ( Secondary descending dege- 

B. Secondary systemlesKms | nerations. 

C. Indiscriminate lesions. 



PRIMARY LATERAL SCLEROSIS. 



General Consider atioks and ^Etiology. — Tliis is an 
extremely rare ^ affection, which has only recently been re- 
cognised as a distinct disease. It is most frequently met 
with in adults, usually commencing between the ages of 
thirty and fifty. Males are more liable to the affection 

I The reviewer of the firtft edition of this work in the Glasgow MedicalJounud^ 
t4>ok exception to thia Rtatenicnt, to which, however, I mu^t still adhere— •ptn'maty 
laterml scloroftiB is, in my opinion, extremely rare ; the gn^t majority of cases of 
spastic paraplegia, which are met with, are, I believe, secondary, and even in many 
of the cased in which there is no distinct hitttory of transverse myelitis, and in 
which the si^nsibility is nfirmal, in which, in short, the lateral sclerosis seems to 
be primary, it is proboble, 1 think as Leydeu supposes, that the starting point of 
the condition is in reality a transverM myelitis in the dorsal region, and that the 
Uteral sclerosis is therefore secondary. 
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than females. The causes of the condition are quite un- 
known ; in some cases exposure to wet and cold is blamed, 
but whether it is actually the cause of the condition is very 
doubtful. The affection seems usually to attack robust mus- 
cular individuals ; and Dr Donkin has suggested that it may 
possibly, in some cases, be the result of excessive muscular 
effort.! 

Spastic paraplegia is not at all uncommon in children. 
In some cases, the condition depends, as Kundrat * and Eoss ^ 
have shown, upon arrested development of the motor tracts, 
the result of destruction or deficiency of the motor areas in 
the cerebral cortex. I have not had the opportunity of 
examining post-mortem any case of this description, but I 
have met with several cases during life in which the lesion 
was, I believe, present. 

In other cases, the spastic paraplegia of children seems to 
be due to injuries to the head, or vertebral column, received 
at the time of birth. 

Pathology. — Although the clinical phenomena clearly 
point to a lesion of the crossed pyramidal tracts, the oppor- 
tunities which have occurred of examining cases post-mortem, 
have as yet been too few to enable any very positive state- 
ments to be made with regard to the exact characters of the 
lesion. The most important case which has as yet been in- 
vestigated is that which is recorded -by Professors Morgan 
and Dresghfield of Manchester, in the British Medical Journal, 
for January 1881. In it a symmetrical sclerosis of the 
crossed pyramidal tracts extended throughout the whole 
length of the cord, and so far as could be discovered this 
sclerosis was primary; the section shown in fig. 119 was 
made from a portion of the cord of that case, which Dr 
Dresehfield was kind enough to send me; in it the sym- 
metrical lesion of the crossed pyramidal tracts is beautifully 
shown ; under a high power the connective tissue through- 
out the whole transverse section of the cord seems somew^hat 
increased. 



1 Brain Jauuary 1883, p. 454. 

3 */>*e Porencephalies eine anatotnitche Studie^ vod Dr H. Kundrat, Grax, 1H83, 
B. 45 und. lOL Quoted by Ross in Brain, Oct. 1882, p. 362. 
* Brain, Oct. 1882, p. 344, and Jau. 1883, p. 473. 
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In investigating post-mortem cases of supposed primary 
lateral sclerosis, it is essential to be perfectly certain that the 
sclerosis of the crossed pyramidal tracts is not the ordinary 
form of secondary descending degeneration ; in order to 
determine this question, the lasion must be gradually traced 
up the cord, medulla and pons, and if necessary through the 
crura cerebri, and internal capsules, until its upper limit is 
reached ; and it is only when the nervous structures at the 
upper level of the lesion have been most scrupulously and 
carefully examined, and when the investigator is satisfied that 
there is no primary lesion which might have been followed by 
secondary descending degeneration, that he is in a position to 
conclude that the case is one oi primary lateral sclerosis. 

Onset, Symptoms, and Course. — ^The aflfection, which is 
an exti-emely chronic one, may conveniently be divided into 
tliree stages : — 

First, A stage of incomplete spastic paraplegia, which 
usually lasts for several years, and during which the patient 
is able to walk about with the help of sticks. 

Second. A stage of complete spastic paraplegia, which may 
also last for years, and during which he is confined to bed, 
the legs being rigidly extended. 

Third, A stage of extension of the morbid process, and of 
complications, in which muscular atrophy, cystitis, and bed- 
sores may develop, and in which intercurrent attacks of 
pneumonia or bronchitis are apt to occur. 

First Stage. — The onset is extremely slow and gradual. 
The first symptom is usually a feeling of weakness, weiglit, 
and stiffness in the lower extremities, in consequence of 
which the patient experiences some difficulty in walking. 

Occuionally the motor weakness and stiffness are preceded by pain 
in the back and limbs, bat these sensory disturbances are not constant 
or characteristic. They probably depend upon a limited meningitis. 

Should the patient present himself for examination at 
this stage of the disease, the only abnormal condition which 
can be detected is slight stiffness and rigidity in the lower 
liinl)S, and increase of the deep reflexes. 

The weakness and stiffness gradually increase, and the 
charadrristir gait becomes fully developed ; the patient walks 
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with two sticks ; each step is attended with evident effort ; 
the feet appear to be stuck to the ground, and can only be 
moved forward by raising the pelvis, and with it the limb as 
a whole. In this process the back is strongly arched, the 
chest thrown forward, the patient leans forcibly, first on one 
stick and then on the other, and appears to aid the elevation 
of the trunk by movements of his arms. The toes are 
dragged along the ground with an unpleasant scraping noise, 
the knees are apt to interlock, and the foot which is being 
brought forward tends to cross in front of its fellow. In some 
cases, after the foot leaves the ground, a peculiar hopping 
movement of the whole body is observed. It is due, accord- 
ing to Erb, to spasmodic contraction of the calf muscles. 

Rigidity, spasmodic twitchings, and tremors, which may 
arise spontaneously, but which are generally due to some 
external (reflex) irritation, or to attempts at voluntary move- 
ment, affect the muscles of the lower extremities. Should 
the patient press upon the balls of the toes, when in the sitting 
or even in the standing position, a rhythmical tremor (the 
ankle clonus) is sometimes spontaneously set up. 

The condition of the affected muscles. — ^The affected muscles, 
which are tense and rigid, especially when manipulated, present 
no trace of atrophy, and their electrical irritability pi*esents no 
distinctive alterations ; in some cases there is a * simple 
increase ' to both forms of cuiTcnt ; but in most cases the 
electrical reactions are normal, or there is a simple decrease 

The deep reflexes, are markedly exaggerated, the knee-jerk 
being very marked, and the ankle clonvs readily obtained ; a 
knee clonus may sometimes be elicited ; and not unfrequently 
a blow upon one tendon produces a jerk of the opposite leg 
(radiation of the reflex). Any manipulation or external irrita- 
tion throws the whole limb into a condition of tonic spasm. 
The superficial reflexes are sometimes exaggerated, sometimes 
normal, sometimes diminished or even abolished. 

I formerly supposed tliat the diminutioQ of the superficial reflexen* 
which is seen in some cases of spastic paraplegia was only apparent, and 
that movements of the leg did not result from tickling the sole, be- 
cause the whole limb was thrown into a state of tonic ezteneaon by the 
reflex irritation. I still think that this explanation applies to some 
cases, but the examination of a well-marked case of secondary spastic 
paralysis, which 1 have recently had under observation, has shown me that 
the superficial reflexes may actually be absent, while the deep reflexes 
are markedly exaggerated. This fact can only be explained in one of 
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two ways, either by supposing that the two sets of reflex impulses enter 
the cord by different ctiannels, and that there is a break in the super- 
ficial, but not in the deep reflex arc ; or, that the so-called deep re- 
flexes are not true reflexes. Jf cases do occur in which the deep reflexes 
are exaggerated, the superficial reflexes diminished or abolished, and 
the sensory functions normal; if, in other words, it is possible for a 
lesion confined to the pyramidal tracts to produce exaggeration of the 
deep, without causing exaggeration of the superficial reflex movements, 
we must, 1 think, conclude that the two phenomena are essentially 
different. Such a condition of matters seems a strong argument in 
favour of Dr Gowers* view that the so-called deep reflexes are com- 
pound phenomena, and that the blow upon the tendon produces direct 
stimulation of the muscular fibres, the irritability of which has pre- 
viously been rtfitxly increased by passive tension of the muscle. 

There are no objective sensory disturbances, though in- 
creased susceptibility to cold is commonly observed. The 
bladder and rectum are usually normal; there are no cerebral 
complications ; the digestive and other organs are healthy. 

OccasionaUy, according to Erb, the lesion may aflbct one 
1^ only ; or, it may involve one leg and one arm. It is then 
apt to be confounded with cerebral hemiplegia. 

Second Stage, — This state of matters lasts for a consider- 
able time, it may be for several years, but the stiffness and 
weakness gradually become greater, and the second stage of the 
affection is at last reached ; the power of locomotion is now 
destroyed ; the patient lies in bed with his legs stiffly extended, 
the thighs closely approximated as the result of spasm of the 
adductor muscles, and the feet inverted. Ultimately the 
upper extremities may become affected in exactly the same 
manner as the lower ones. 

Third Stage, — ^After the second stage has continued for 
some time — generally for some years — the morbid process 
may extend to the anterior comu, or to the postero-extemal 
column. Should the anterior comu become invade<l, viuscular 
atrophy gradually invades the affected muscles, the rigidity 
and stiffness slowly decrease, the reflexes diminisli, and 
ultimately become abolished. When the postero-external 
column is invaded, lightning4ike pains and ijico-ordination 
are superadded. In some cases cystitis or bed-sores develop, 
and the patient dies from gradual exhaustion or from pyaemia ; 
in many cases he is carried off during the second or thinl 
stage of the affection by some accidental complication. 
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The average duration of cases of primary lateral sclerosis 
is very long, t^n, fifteen, twenty, or even more years.^ The 
affection does not of itself seem to destroy life; death 
generally results from some inter-current affection, such as 
pneumonia or bronchitis. 

Diagnosis. — The rigidity and increase of the reflexes 
(positive symptoms), together with the facts, that the muscles 
are well nourished, and that there is no derangement of sensi- 
bility, nor of the bladder and rectum (negative symptoms),show 
most clearly that the lesion is limited to the pjTamidal tracts. 

Having amved at this conclusion, we have next to deter- 
mine whether the ' lateral sclerosis ' is primary or secondary. 
It is important to remember : — that primary lateral sclerosis 
is an extremely rare affection ; that exactly the same motor 
symptoms (weakness, spastic paraplegia, and increase of the 
reflexes) result from the comparatively common condition, 
secondary descending degeneration ; that we are never justi- 
fied in diagnosing a primary lateral sclerosis unless the 
history shows an extremely slow and chronic onset ; and unless 
we can satisfy ourselves that there is no primary lesion pre- 
sent which could give rise to secondary descending degenera- 
tion. The conditions which are most likely to be mistaken for 
primary lateral sclerosis are (1) a chronic transverse myelitis, 
which has produced secondary descending degeneration of the 
pyramidal tracts ; (2) any lesion which produces slow com- 
pression of the cord, and which causes secondary descending 
degeneration. In making the diagnosis, special attention must 
be directed to the condition of sensibility, and to the state of 
the vertebral column. It must however be remembered, that 
the absence of sensory derangements does not necessarily prove 
the case to be one of primary lateral sclerosis, for in old stand- 
ing cases of transverse myelitis, the sensory conduction may 
be regained while the motor paralysis and rigidity remain. 

It would of coarse be impossible to distinguish primary Uteml 
sclerosis from a chronic indiscriminate lesion, such as cerebro-spinal 
sclerosis, which chanced to be limited to the pyramidal tracts ; but in 
practice such difficulties are not likely to occur. The future course of the 
case, and the development of fresh and characteristic symptoms, would 
be the only means of arriving at a correct conclusion in such cases. 

> In a cafle which came under my observation in the year 1877, and which I 
have recorded in the Medical Timet and Gazette, Dec. 6, 1879, p. 633, the affection 
had commenced three yenr.s previnuKly. It is still in statu quo. 
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The differeniial duipwsis of primary and secondary sclerosis 
of the pyramidal tracts in the lateral column is given in the 
table on page 214. 

Prognosis. — The prognosis as regards life is good; un- 
complicated cases run a very chronic course, for the condition 
does not of itself tend to produce a fatal termination. 

The prognosis as regards recovery is unfavourable ; but 
Erb thinks that the prognosis * as regards recovery is at least 
more favourable than in the other forms of chronic myelitis.'^ 

Treatment. — Attention must be directed to the state of 
the general health ; the patient should spend as much of his 
time as possible out' of doors ; all reflex irritation is to be 
avoided, and a minimum of active (walking) exercise allowed. 
The constant current should be perseveringly passed through 
the spinal cortl ; but no benefit, in fact rather the reverse, 
is to be obtained by local electrical treatment of the affected 
muscles. The spasmodic rigidity is relieved by warm baths, 
but I doubt whether the ultimate result is beneficial. Erb 
speaks strongly in favour of a Tcasonahly-cowiucted cold- 
water cure; gaseous thermal springs may also, he says, be 
used ; but simple thermal waters, unless most carefully man- 
aged, are objectionable. Where there is a distinct history 
of syphilis, a prolonged course of iodide of potassium and 
mercury should be tried. In otlier cases, nitrate of silver, 
ergot, and iodide of potassium should be persevered with ; 
but the results hitherto obtained by drug treatment are not 
encouraging. In cases which resist the treatment indicated 
above, I should be dis|)osed to apply the actual cautery as a 
counter-irritant. 

SECONDARY LATERAL SCLEROSIS. 

(SECONDARY DEGENERATION OF THE CROSSED PYRAMIDAL 
TRACT IN THE LATERAL COLUMN). 

As I have previously explained (see page 44) secondary 
degeneration of the crossed pyramidal tract results from any 
lesion which separates its component fibres from their trophic 
centres — the multipolar nerve cells of the cerebral cortex. 
Tlie sclerosis of the crossed pyramidal tracts is attended 

I Zitnusent CyclopMUa, vol. xiii. p. 615. 
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with spastic symptoms, rigidity of the muscles, and increase 
of the reflexes ; and, when the condition is bilateral, spastic 
paraplegia will, of course, be present ; in cases which depend 
upon a chronic lesion, and in which the onset is slow and 
gradual, the symptoms very closely resemble those of 
primary lateral sclerosis. The points of distinction between 
the two conditions are shown in the following table. 

The dij^erential diagnosis of primary lateral sclerosiSy and of 
spa^ic paraplegia due to a chronic transverse lesion {chronic 
transverse myelitis or slow compression of the cord). 

The symptoms common to both conditions are (a) motor 
weakness in the lower extremities ; (b) rigidity and spasms ; 
and (c) increase of the deep reflexes. 

Secondary Lateral Sderasb 
after a Ghionio Traosrene 
Lesion of the Oord. . 



Primary Lateral SdlerooB. 

CoKDrriON OF Motor weakness an<1 
Muscles. rigidity are usnaJly 

developed together. 
The rigidity is usually 
more marked than 
the paralysis. 

There is no muscular 
atrophy at the upper 
level of the paralysis. 



Onset. 

Sensory Func- 
tions. 



Very slow and gradual. 
No sensory disturbances. 



Normal. 



Motor weakness is the first 
symptom. The rigidity 
follows the paraplegia. In 
the earlier stages the par- 
alysis is more marked tuan 
the rigidity. 

There may be muscular atro- 
phy at the upper levd of 
the lesion. 

Usually more rapid. 

More or less or even com* 
plete anaesthesia. In cases 
of slow compression, sub- 
jective sensations (shooting 
pains, etc.) due to pressure 
on the posterior nerve roots, 
are present.* 

The bladder and rectum are 
usually affected. 



The Condition 

OF the 

Bladder and 

Rectum. 

Trophic 

Condition or 

the Skin. 

1 The sensory dinturbances which are present in the earlier stages of cases of 
this doscription may disappear while the motor paralysia and rigidity remain ; 
this is owing to the fact that sensory conduction is much more readily re-eatab* 
liflhed than motor conduction. 



No trophic disturb- Trophic disturbances of the 
ances of the skin. skin sometimes occur. 
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Secondary degeneration of the crossed pyramidal tract on 
one side may be due either to a cerebral or spinal lesion ; in 
both cases a condition of spastic hemiplegia may be present, 
but the differential diagnosis does not present much diflBculty. 
The chief points of distinction are given in the following 
table. 



The differerUicU 
pyramidal 
respectively 



The Distribu- 
tion OF THE 
Paha LYSIS, and 
RicmiTT. 



diagnosis of unilateral sclerosis of the crossed 
tra^ due to a spinal, and to a cerebral lesion, 



The Co5«)moN' 

or THE 

Sensory Func- 
tions. 



The CoNomoN 

or THE 

Reflexes. 
The History 

OF THE 

Cahe. 



The Presence 

or OTHER 

Cerebral 

Symptoms. 



Cerebral Ledon. 

In cerebral cases the rigiditj 
and loss of motor power are 
greater in the upper ex- 
tremity. 



Spiiud Lesion. 

In spinal cases the 
rigidity and loss of 
motor power are 
greater in, and are 
usually confined to, 
the lower extremity. 
An exception occurs 
in amyotrophic lateral 
sclerosis, but the atro- 
phy in that oonditiou 
IS distinctive. 

There is no paralysis of The face and tongue areusnally 
the face or tongue. a£fected in the earlier stages. 



In spinal cases there are 
no sensory disturb- 
ances in those in which 
the lesion is confined to 
the crossed pyramidal 
tract. Where the 
whole half segment 
is affected, there is 
aiissthesia on the 
opposite side to the 
paralysis. 

Both forms of reflex are 
usually increased. 

In an acute unilateral 
myelitis, the onset of 
the paralysis is ab- 
rupt; but in chronio 
cases the paralysis 
and rigidity are dc- 
velnpetT gradually. 

No cerebral symptoms. 



Sensory disturbances are usually 
slight. The anassthesia, if 
any, is on tlie same fide as 
the paralysis. 



The superficial reflexes are 
diminished or abolished, the 
deep reflexes exaggerated. 

In cerebral cases, the onset of 
the paralyvis is almost in- 
variably sudden, and usually 
follows an apoplectic fit 
(hemorrhage or embolism) ; 
the rigidity occurs later. 

Other cerebral symptoms usu- 
ally present 
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TkeATMENT. — Tlie treatment of secondary sclerosis of the 
crossed pjTamidal tract is the same as that of tlie primary 
coiiditiou. (See page 213.) 



The indiscriniiiiate lesions of the cord will be afterwards 

descriljed. 



AMYOTROPHIC LATERAL SCLEROSIS. 
Under the tenu sclerose lal^ale amyolrophique. Professor 
Charcot was the first to describe an affection of the spinal 
cord, the pathological substratum of which is a combined 
sclerosis of the pyramidal tracts, and of the anterior comua. 
The lesion is not, however, confined to the spinal cord, for it 
can be followed upwards through the medulla oblongata, and 
sometimes through the foot of the cerebral peduncle; the 
internal capsule is usually intact. On microscopical examina- 
tion the lesion of the anterior coruua seems to be identical 
with that of progressive muscular atrophy. Tlie nuclei of 




n/iht hand in AmyolTophit: Ijifenil 3elenmt.~{AJitT Charetl.) 
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the facial, hypo-glossal, and spiual accessory nerves are 
generally involved towards the termination of the case. The 
cervical enlargement is the part of the cord which is first and 
most affected. 

The symptoms which characterise the condition are: — loss 
of motor power and muscular atrophy, together with rigidity 
and tension of the muscles. Since the morbid process com- 
mences in the cervical enlargement, the muscles of the upper 
limbs are first attacked. Charcot describes three stages of 
the affection. 

In the first, which usually lasts from four to twelve 
months, the symptoms are confined to the upper ex- 
tremities, and consist of motor weakness, which is soon 
followed by diffuse atrophy, and by rigidity and contractures. 
Fibrillary twitchings can usually be observed in the affected 
muscles. As the result of the muscular tension and con- 
tractures, deformities are produced, and the hand often be- 
comes fixed in the position shown in fig. 120. 

In the second stage the lower extremities are invaded, the 
muscles become rigid, the tendon reflexes are increased, and 
for a time the condition of the lower limbs is identical with 
that which results from primary sclerosis of the lateral 
columns, viz., spastic paraplegia, together with the absence of 
any marked sensory disturbances, and of any affection of the 
bladder or rectum. After a time the morbid process ex- 
tends to the anterior comua of the lumbar enlargement, the 
muscles of the lower extremities atrophy ; the increase of the 
refle.xes gradually diminishes, and the rigidity and spasms 
<0^ually decrease. During the second stage the atrophy in 
the upper extremities becomes greater. 

In the third stage all the symptoms are exaggerated ; the 
morbid {)ro<;ess extends to the medulla oblongata; bulbar 
symptoms are developed, and death results, the fatal tennina- 
tiou being, in many cases, due to the extension of the lesion 
to the nucleus of the vagus. Dr Buzzard points out that the 
lesion would probably extend upwards to the nuclei of the 
pons, and pro<Iuce ophthalmoplegia externa, if it were not for 
the fart that the direction of extension is fnmi below upwards, 
and that a fatal result necessarily follow^s as soon as the 
' vital ' centres in the medulla l>ecome implicated.^ 

1 DUeasei of the Strrout S^ttem^ p. 198. 
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In exceptional cases the morbid process commences in 
the medulla oblongata and extends downwards ; occasionally 
the lower extremities are first affected, and the morbid pro- 
cess extends from below upwards. 

The disease, so far as is known, is invariably fatal The 
duration varies in different cases, but death usually results in 
from one to three years. The affection seems more common 
in females than in males. It attacks persons between the ages 
of twenty and fifty. The causes of the condition are unknown. 

Diagnosis. — The mode of development, character of the 
symptoms, and course at once distinguish the affection from 
all other diseases of the spinal cord. 

The only affections with which it is at all likely to be 
confounded are progressive muscular atrophy, primary lateral 
sclerosis, and pachymeningitis cervicalis hypertrophica ; the 
points of differentifid distinction between amyotrophic lateral 
sclerosis and these three affections are given in the table on 
p. 286. 

The prognosis is most unfavourable ; treaimerU has, up 
to the present time, been totally inadequate to check the 
progress of the affection. 



DISEASES WHICH RESULT FROM LESIONS OF THE 

POSTERIOR COLUMNS. 

A, Primary system lesi^ ) Locomotor ataxia. 
of the postero-extemal columns j 

B, Secondary system lesion | Secondary ascending degene- 
of the postero-intemal columns j ration. 

C, Indisc7imi7iate lesions. 



LOCOMOTOR A TAXIA. 

Synonyms. — Progressive locomotor ataxia ; tabes dorsalis ; 
sclerosis of the posterior columns. 

Definition. — Locomotor ataxia is an extremely chronic 
spinal affection, which is characterised in its fully developed 
stage by difficulty in walking, not from loss of motor power, but 
from inco-ordination of the muscles of the lower extremities. 
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iETiOLOGV. — The disease is much more frequent in 
males than in females, and occurs between the ages of 
twenty and fifty.^ Friedreich and others have described a 
hereditary variety, which is at least as common in girls as 
in boys, and which usually presents certain differences from 
the ordinary variety.* In the greater number of acquired 
(non-hereditary) cases, there is a history of syphilis ; but, as 
I have previously remarked (see p. 82), it is doubtful whether 
syphilis is the sole cause of the affection ; that it has a very 
important influence in producing the disease seems, however, 
established. Anything which exhausts or unduly excites the 
functional activity of the nerve tubes composing the postero- 
external columns, in persons predisposed to the affection, will 
probably act as an exciting cause of the condition. Blows on 
the spine, and other traumatic injuries ; exposure to cold and 
wet ; sexual excesses ; and acute febnle attacks ; which in 
some cases seem to be the starting point of the affection, are 
probably exciting causes. It is extremely doubtful whether 
any one of them could produce the disease in a perfectly 
healthy (non-predisposed) individual. Mr H. Page has sug- 
gested that the disease may possibly in some cases have a 
peripheral origin.' 

A form of ataxia which closely resembles that of tabes 
dorsal is occasionally met with after diphtheria. Drs Jidius 
Kudisch and George W. Jacoby have recorded two cases of 
this description,* and one has come under my own observation. 

The prolonged administration of ergot of rye produces a 

> Of 149 cmsM collected by Eulcnbnrg, 128 were males and 21 females. The 
ages at which the disease occurred in these cases were as follows: ~- 
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s For an sccount of the hereditsry form, W9 an able * critical digest * of the 
fvcorded cases by Dr J. A. Omerod, in Brain, April 18^4, p. 106. 
* Aram, October 1888, p. 861. 
« Arckivu n/Medklmt, DecemWr 1HH2, p. 249. 



220 



LOCOMOTOR ATAXIA. 



disease of the posterior columns of the spinal cord, which, 
both in its clinical features and pathological appearances, is 
very similar to ordinary locomotor ataxia.^ 

The affection is very commonly associated with general 
'paralysis of the insane; Westphall indeed believes that in all 
cases of general paralysis in which the patellar tendon reflex 
is absent, sclerosis of the posterior columns of the lower end 
of the spinal cord will be found, even although there are no 
definite indications of motor or sensory disturbance in the 
lower extremities. 

Pathology. — On naked eye examination the membranes 
are usually seen to be thickened and adherent over the pos- 
terior surface of the cord. The cord itself looks flattened in 
the antero-posterior direction, while the posterior columns 
and posterior nerve roots are evidently shrunken and atrophied. 
On section the posterior columns present a translucent grey 
appearance, and their consistency is increased. It is seldom 
that an opportunity arises of examining the spinal cord in 




Fio. 121. —Transverse section of the spinal cord, showiog the pontioD of the 
lesion in the early stage of locomotor ataxia according to Plerret and Chareot: 
according to StrQmpell the lesion chiefly occupies the middle and anterior psrts 
of the posterior column. 

1 The reader is referred for a more detailed sccount of ergot of rye ataxi* 
than can be given here, to a lecture by Dr Althaus on Sclerosis of Uie Spinal 
Qord,'-Briii$k Medicai Journal, May 24 and 31, 1884, p. 985. 
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the early stages of the disease, and observers are not agreed 
as to the part of the posterior columns which are first 
affected. Pierret found the postero-extemal columns first 
invaded (see fig. 121), and Charcot agrees with him in 
thinking that the only necessary and essential lesion of loco- 
motar ataxia Ls sclerosis of the postero-extemal columns. 
Striimpell differs from this view, for he found in two cases 
which he had an opportunity of examining in the initial 
stage of the disease, that the lesion in the lower dorsal and 
upper lumbar regions chiefly occupied the middle and anterior 
parts of the posterior columns.^ The lesion commences in 
the great majority of cases in the lower dorsal and lumbar 
regions. As the morbid process advances, the whole of the 
posterior columns (the postero-internal as well as the postero- 
extemal) in the lower dorsal and lumbar regions become 
invaded; and according to Lockhart Clarke, the lesion 
usually involves the posterior cornu. In the cervical region 
the lesion is usually limited to the postero-internal columns, 

1 The following is %. more complete account of tbe spinal lesion in StrUmpeira 
first case ; the details of the appearances in his other cases are contained in the July 
number of BroM 1882^ p. 274, from wliich the following account is abstracted : — 
* Microscopic examination showed in the cervical regiim a small strip of degenera- 
tion to the outer side of GolPs column, and another strip to the iunor side of the 
posterior cornu, where the posterior roots enter the cornu. There was also in 
the lower sections slight, degeneration of the anterior part of GoH's column, the 
degeneration not extending quite up to the posterior commissure. The cord 
graduaUy assumed a healthy appearance as the medulla oblongata was approached. 
In the upper dorsal region there was a thin strip of degeneration bordering the 
posterior fissure and another strip, similar to that described in the cervical 
region, but broader, to the outer side of GolFs column. In the luwer dorsal and 
upper Ismbar regions these two strips gradually broadened and approximated, 
and oltimstoly formed one large patch of degeneration occupying the middle and 
anterior parts of the posterior column. The posterior part of the column was 
quite normal, as was also a small zone to the inner side of the anterior portion of 
the posterior comn. The degenerative changes were most marked in the upper 
pari of the lumbar enlargement. In the lower lumbar region the degenerated 
area diminished, and was found chiefly in the middle portion of the column, being 
bounded anteriorly and posteriorly by an intact region. There was a small zone 
of healthy tissue in the middle line in the lower sections, which, with its fellow 
on the opposite side, formed an oTal>shaped area. It is of interest as correspond- 
ing to a group of fibres, which F]echsig*s developmental researches enabled him 
to dilfersntiate. It is important to mention that in the upper part of the cord the 
lateral limiting layer (seitliche Grenzschicht) was not quite normal. The changes 
we have described were found in both posterior columns, and were remarkably 
regular and symmetricaL* 
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and presents the characteristic features of a secondary ascend- 
ing degeneration ; the tract of degeneration can generally be 
followed through the medulla oblongata. The cranial nerves, 
especially the optic, and its expansion in the eyeball (i.e. 
the optic disc), are apt to undergo the same grey atrophic 
change, and changes, similar to those met with in the spinal 
cord, have been observed by Woodhead and others, in the 
optic tracts and deep origins of other cranial nerves in the 
pons Varolii Occasionally the postero-extemal columns m 
the cervical region are also affected, and the characteristic 
symptoms (pains, inco-ordination, etc.) are then observed in 
the upper extremities. Towards the end of the case the 
morbid process sometimes extends to the region of the an- 
terior horn, or to the lateral column. The direct cerebellar 
tract is also in some cases affected. 

Ddjirine has lately shown that in some cases of locomotor 
ataxia the peripheral nerves are affected with parenchymatous 
neuritis ; he believes that the lesion of the peripherad nerves 
is distinct and independent of the central lesion ; he describes 
two cases in which many of the symptoms of locomotor 
ataxia were present during life, and in which a peripheral 
neuritis, but no cord lesion, was found after death, and he 
suggests that in some cases locomotor ataxia may exist inde- 
pendently of any disease of the spinal cord. That chronic 
inflammatory lesions in the peripheral sensory nerves may 
produce many of the symptoms of locomotor ataxia can be 
readily understood, and that peripheral neuritis may 1)6 
present in many, if not in all, cases of locomotor ataxia is quite 
possible, but the accumulated experience of former observers 
seems to me to conclusively show that the essential lesion of 
the chronic affection which we term locomotor ataxia is the 
sclerosis of the posterior columns with which we have been 
so long acquainted. 

The posterior roots are usually affected even in the earlier 
stages of the case, and in advanced cases the posterior root 
ganglia are generally implicated. 

There is much diversity of opinion as to the mode of 
origin of the cord lesion. According to some observers the 
degeneration of the posterior columns is secondaiy to a 
chronic meningitis ; others think the starting pomt is in the 
posterior root ganglia ; others that the sclerosis of the posterior 
columns is secondary to disease of the blood vessels ; others 
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that it is an interstitial sclerosis,^ wliile others believe that the 
lesion is a parenchymatous neuritis. Space does not permit 
me to detail tlie facts and arguments which have been 
advanced in support of these different views. Suffice it to 
sjiy, that the balance of evidence seems to me to be in favour 
of the last mentioned view, — in my opinion the spinal lesion 
ill typical cases of chronic locomotor ataxia is an extremely 
clu-onic inflammation, which, commencing in the nerve ele- 
ments, leads to their slow destruction, and is attended, as a 
secondary result, with an increase of the neuroglial connective 
tissue. The more important microscopiciJ characters of the 
lesion are shown in figs. 122, 123, 124, 125, and 126.* 

Mode of Onset, Symptoms, and Course. — The disease is 
an extremely chronic one, lasting for ten, twenty,' or even 
thirty years. The affection may be conveniently divided into 
three stages. 

« 

First, The stage of invasion, which is usually character- 
ised by lightning pains, slight disturbances of sensibility in the 
lower extremities, temporary paralysis of some of the ocular 
muscles, abolition of the patellar tendon reflex, and sometimes 
of the reflex contraction of the pupil to light. This stage con- 
tinues for some months, occasionally it extends over several 
years, and quite exceptionaUy it lasts indefinitely, and the 
second stage is not reached. 

1 The term *iu:]eruM8* is usually given to tbis aod to all those IrsioDS in 
which the c<miiectiv« tissue of the cord is increased. The name is somewhat 
misleading, fur it includes, at least, two distinct morbid conditions. In both 
forms of sclerosis the ultimate result is the destruction of the nerve elements, and 
iLe increase of the neuroglia; but in one (locomotor ataxia) the lesion commences 
iti the nerve elements ; in the other (disseminated sclerosis) in the neuroglia ; in the 
Utter case the destruction of the nerve elements is a secondary process, the nerve 
tul>es being, as it were, strangled by the connective tissue growth whicli surrounds 
thf m. In locomotor ataxia numerous corpora amylscea are found ; in disseminated 
it'lerosiii the tissue is filled with compound granule corpuscles, the lymphatic 
•h««ths of the blood Teasels are crowded with oil globules, and fatiy (margarine?) 
crystals are sometimes to be seen iu the sclerosed tissue. Compound granule 
cells are also found in the earlier stages of locomotor ataxia, but ihey are, I think, 
much less numerous than in disseminated sclerosis. 

3 The full details of the case from which these sections were made, and which, 
through the kindness of Professor D. J. Hamilton, I was enabled to examine when 
working in the pathological laboratory of tbe Edinburgh t-ni varsity, are recorded 
in the Edinbwr^jk MedicalJouraaly January 1861. p. 615. 
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Second, The stage of fvll develapmeifU, — ^The inco-ordina- 
tion and characteristic gait are now present; the lightninji 
pains continue ; the disturbances of sensibility are greater. 

Third, The stage of complications, and of extension of thf 
morbid process, — Complications on the part of the lunps. 
bladder, kidneys, etc., may now be developed, and are oft<?n 
the cause of death. During this stage the lesion sometimes 
extends from the postero-extemal colunm to the region of 
the anterior comu, or to the crossed pyramidal tract in the 
lateral column ; muscular atrophy and spastic paraplegia will 
then be observed.^ 

Such is a bare enumeration of the most prominent features 
of the affection. I will now consider the indi>idual symptoms 
a little more in detail. 

Sensory disturbances. — Sclerosis of the postero-extemal 
column necessarily gives rise to some disturbance of sensi- 
bility. Lightning pains, hypenesthesia and ana^thesia <^f 
the skin, and retarded conduction of sensation, are the sensory 
derangements which are most frequently met with ; and since 
the lesion of the postero-extemal columns is usuaUy con- 
fined to the dorsal and lumbar regions of the cord, these 
derangements of sensation are usually confined to the lower 
extremities or to the lower part of the trunk. When the 
postero-extemal columns in the cervical region are affected, 
the characteristic symptoms are observed in the upper ex- 
tremities. In those cases in which peripheral neuritis u? 
present, the sensory disturbances are partly due to the lesions 
in the peripheral ner\'es. 

The lightning piins are usually the first symptoms to 
attract attention, and are often mistaken for rheumatism or 
neuralgia ; they occur in p;iroxysms, and may be extremely 
severe ; they are sharp and shooting in character, and of 
momentary duration ; some jxuients comjiare them to forke<l 
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lightning, others say they resemble a powerful electric shock, 
or the effect wliich would be produced by running a knife into 
the flesh or into a joint Unlike the shooting pains of ordinary 
neuralgia, they are not referred to the skin, but to the deeper 
structures, and they do not usually radiate in the superficial 
area of distribution of any individual nerve, as the pains of 
ordinary neuralgia do; in the great majority of cases they 
are felt in the lower extremities or in the pelvic organs 
(bladder and rectum). Where the postero-external column 
in the cervical region is implicated, the lightning pains are 
referred to the upper extremities. In exceptional cases they 
are experienced in the head and scalp. Occasionally they 
are felt in the region of the stomach, and are then usually 
associated with vomiting and symptoms of dyspepsia. (See 
gastric crises, page 233.) They are almost invariably present in 
the first and second stages of the disease, and not unfrequently 
continue throughout its whole course. Exceptional cases are 
sometimes met with in which the lightning pains persist for 
years, and are not followed by inco-ordination. Buzzard has 
recorded such a case, and I have now under observation a 
patient who has for more than twenty years suffered from 
most characteristic pains and blindness, the result of optic 
atrophy, and who has no inco-ordination ; in his case, as in 
that recorded by Buzzard, the knee-jerk is absent.^ The 
lightning pains are sometimes so severe as to make the 
patient tire of life ; and cases have occurred in wliich ataxics, 
worn out by repeated attacks of lightning pains and despair- 
ing of relief, have committed self-destruction. 

Hyperccsthcsia of tlie skin is observed in many cases ; like 
the lancinating pains it is paroxysmal and fugitive — ^here to- 
day away to-morrow. The girdle sensation, wliich is, as we 
have seen, the result of hyperaesthesia, is present in a consider- 
able number of cases. 

AncBsthesia, — Loss of tactile sensibility is a very common 
Rymptom. In the earlier stages of the affection it is partial 
or incomplete; later it may be total Sensibility to pain 
and temperature is often also impaired. In consequence 
of the incomplete antesthesia, various subjective altera- 
tions are exjHirienced by the patient ; in many cases, for ex- 
ample, he feels as if he were standing on cotton wool, a bag 
of feathers, etc. 

> DUeoMS o/tht Xtreous Stfttem, p. 7. 
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Betardation of sensoi^ condtLction, especially of the con- 
duction of painful impressions, is present in a considerable 
number of cases ; the prick of a pin, for example, may be at 
once felt as a tactile impulse, but a considerable interval may 
elapse before a sensation of pain is experienced. 

Derangements of the motor nerve apparatus, — Since the 
lesion is, in the great majority of cases, confined to the lower 
portions of the cord (the lumbar and lower dorsal regions), it 
follows that the motor derangements, which constitute the 
most striking feature of the disease, are usually observed in 
the muscles of the lower extremities. The most prominent 
motor derangement is difficidty in walking. It is due to 
inco-ordination and not to loss of motor i)ower ; it is neces- 
sary to emphasise this fact, and to call attention to the 
circumstance that the muscles are well developed during the 
second stage of the disease, for the difficulty in walking was 
formerly thought to be due to paralysis, and the disease 
was classed with many other affections under the common 
term 'paraplegia! The difficulty in walking and standing is 
at first slight, and is only noticed in the dark or when the 
patient shuts his eyes; in many cases the unsteadiness is 
first observed when the patient washes his face ; he finds that 
when he shuts his eyes to protect them from the soap, he 
has difficulty in maintaining his equilibrium, and tends to 
stagger and fall. 

Should the patient come under observation at this stage of 
the disease, the co-ordinating and balancing powers are to be 
tested in the manner described on pages 141 and 142. 

In the course of time the inco-ordination becomes greater, 
and the characteristic gait is developed. 

The gait of locomotoi' ataxia. — The gait is very character- 
istic, tliough, as has been already mentioned, not absolutely 
pathognomonic; the patient walks with sticks; in typical 
cases, he keeps his eyes fixed on his feet or on the ground in 
front of him ; the steps are taken at regular intervals, slowly 
and witli deliberation, but the movements of the legs are 
irregular; the feet are jerked outwards, the heels brought 
suddenly to the ground with a stamp. In uncomplicated 
cases he walks in a straight line. There is no giddiness, the 
unsteadiness being, as Uuchenne long ago pointed out, not 
due to the head but to the legs. 
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The unsteadiness in walking and in gait is much aggra- 
vated by psychical causes; ataxic patients, knowing their 
unsteadiness, and dreading accidents, are extremely loth to 
move in the dark, to walk over a slippery pavement or in a 
crowded thoroughfare. The extreme unsteadiness which 
they manifest under such circumstances is partly due to 
timidity. 

When the lesion involves the postero-extenial columns 
in the cervical region, inco-ordination of the muscles of the 
upper extremities will of course be observed. 

In exceptional cases the lesion chiefly involves the mid- 
dorsal region, and the inco-ordination affects the muscles of the 
spine. (See page 87.) 

During the stage of full development the nutrition of the 
muscles is well preserved ; their electrical reactions are either 
nonnal or undergo a simple decrease ; in the earlier periods 
a simple increase sometimes occurs. In fully developed 
cases the muscular sense is impaired, and in some cases 
altogether abolished. 

In the tliird stage of the disease, the lesion occasionally 
extends to the anterior comua ; atrophy of the muscles then 
develops. The nerve nuclei in the pons and medulla may 
be invaded in the same manner. Buzzard has recorded two 
cases in which ophthalmoplegia extenia was develo})ed.^ 

The condition of the rejleoirs. — The patellar tendon 
reflex is generally abolished at an early stage of the 
affection,* and in many cases of this description, as Buzzard, 
Erb, and otlier observers have shown, tlie * mechanical irrita- 
bility ' of the quadriceps extensor crusis may be normal or 
even increased. 

The condition of the svperficial reflexes varies in different 
cases. In the majority, the plantar reflex is impaired at an 
early stage and finally abolished ; but it sometimes happens 
that a lively reflex can be obtained by tickling the sole when 

1 ^roiii, Aprni882,p. 84. 

3 In those exceptional canes in which the knee*- jerk exists, the lesion is pro- 
bably situated aboye the lumbar enlargement. Two cases of this description 
haye come under my own notice ; in both, the inco-ordination involved the muscles 
nf the trunk more than the muscles of the lower extremities, and was of the 
' coarse ' kind which I have described in s|jeaking of cerebro-spinal sclerosis. 
(See page 87.) 



228 



LOCOMOTOR ATAXIA. 



the patellar tendon reflex is completely obliterated, — a fact 
which is probably to be explained, as I have previously 
suggested, by supposing that the course of the fibres, which 
conduct the superficial and deep reflexes through the posterior 
columns of the cord is different. (See fig. 127.) 




Fio. 127. 
Diagrammatic representation of the reflex functwnt of the Spinal Segment. 

TJie left half segment is normal. The right half represents the early stage of 
locomotor ataxia, the position of the lesion being shaded dark. 

8, Skin from which sensory fibres pass through the common sensory motor nerv(« 
trunk, posterior root^ and posterior horn of grey matter to the reflex centre (4) 
T, Tendon, muscle, and fascia, from which the sensory fibres pass which conduct 
the deep reflex movements. These fibres traverse the postero-exiernal colnmo. 

m, Muscle supplied by the anterior root of the left half segment. The dotted 
line passing from the crossed pyramidal tract in the lateral column represents the 
inhibitory fibre. 

The arrows show the course of tlie reflex impulse. 
On the right side the deep reflex movements are seen to be arrested by a ledon 
in the postero- external column. 

The pupil reflex to light is abolished in a large proportion 
of cases ; and it is important to remember that in these cases 
the contractility of the iris on efforts of accommodation for 
near objects, i.e. on convergence, is still retained. This con- 
dition was first described by Dr Argyll Robertson, and is 
sometimes called the * Argyll Robertson phenomenon.' 
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The abolition of the pupil reflex is, I thiuk, probably due to a lesion 
in the neighbourhood of the aqueduct of Sylvius, and is independent 
of the cord lesion. The contraction of the iris, which is produced by 
a ray of light falling upon the retina, is a reflex act ; — the sensory 
fibres which carry the impression inwards are the fibres of the optic 
nerve ; — the centre is probably situated iu the grey matter around the 
aqueduct of Sylvius ; — the motor fibres which carry the impression 
outwards are the fibres of the third nerve which supply the circular 
fibres of the iris. Now, in those cases in which the Argyll Robertson 
phenomenon is present, there may be no affection of vision. Hence 
the break in the reflex arc is not situated in the retina ; nor in the optic 
nerve between the retina, and that point at which the fibres of the 
optic nerve carrying visual impressions to the cerebral cortex diverge 
from those which pass to the reflex centre for the pupil ; while the 
fact that the pupil responds to efforts of accommodation seems to 
show that the reflex centre, and the motor nerve, t.e. the third nerve, are 
healthy. (I am aware that some writers argue from this fact that there 
are two centres for the iris, one connected with the reflex action to 
light, the other with the semi-voluntary action of the pupil on accom- 
modation for near objects.) Hence I am of opinion that the break ih 
the reflex arc is probably situated either in the corpora geniculata, or 
at a point between the corpora geniculata and the reflex centre in the 
grey matter of the aqueduct of Sylvius. 

Derangemenis of the vesical arid rectal reflex mechanisms 
are frequently met with in locomotor ataxia. In the earlier 
stages, symptoms of vesical irritation, such as painful micturi- 
tion, ' precipitant ' urination, stabbing pains in the neck of the 
bladder, etc., are the most frequent ; in the fully developed 
periods, paresis of the detrusor, with consequent slow mic- 
turition and dribbling, or actual paralysis of the bladder may. 
occur. In the third stage, cystitis is a common complication, 
and complete insensibility of the urethra is occasionally ob- 
served. 

Constipation occurs in the great majority of cases; in 
some, it is due to diminished or abolished reflex action ; in 
others, to paralysis of the gut. Stabbing pains and a pecu- 
liar, painful feeling of over-distention of the rectum are 
frequent during the first and second periods of the disease. 
Anaesthesia of the anus is occasionally associated with the 
anaesthesia of the urethra, to which I have just referred. 

Attacks of diarrhaia, which seem to be in some respects 
analagous to the gastric crises and attacks of vomiting, are of 
exceptional occurrence. 

The sexual reflex. — In the earlier stages, increased sexuul 
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desire (satyriasis) is not unoommon ; it is usually combined 
with a condition of ' irritable weakness/ In fully developed 
cases, the sexual appetite is usually very much impaired, or 
completely abolished, and in tlie later periods there may be 
absolute impotence. 

The eye sym/ptoins of locomotor ataxia, — Derangements of 
the visual apparatus are frequently met with ; the more im- 
portant are : — 

1. Temporary paralysis of the levator palpebrae superioris, 
giving rise to ptosis ; or, of one or other of the straight 
muscles of the eyeball, producing diplopia and (sometimes) 
squint. These conditions are of common occurrence in the 
earlier periods of the case, and are of considerable diagnostic 
significance. 

2. Loss of the pupil reflex to light. — ^This condition, and 
the so-called * Argyll Eobertson phenomenon,' have been 
already referred to. 

3. Myosis — contraction of the pupil. This condition occurs 
in a considerable number of cases ; in some the contraction is 
extreme, and the pupils are ' pin-pointed.' Moderate contrac- 
tion of the pupils is probably due to a destructive lesion of 
the sympathetic fibres in the cilio-spinal region of the corti ; 
but extreme contraction — a condition which is not uncommon 
in the later stages of the disease — can hardly be due to simple 
paralysis of the radiating fibres, especially when it is re- 
membered that in many of these cases, the reflex contraction 
of tlie pupil to light is interfered with. Extreme contraction 
probably results from an irritation of that portion of the thinl 
nerve nucleus from which the fibres which supply the circular 
fibres of the iris proceed. 

4. Inequality in the size of the two pupils. — Tliis condition 
is sometimes met with ; ui some cases it results from derange- 
ment of innervation ; in others it is due to iritic adhesions, 
which have in all probability resulted from previous syphilis. 

0. Optic atrophy — dimness of vision — loss of the perception 
of colours. — Grey atrophy of the optic nerve occurs in a con- 
siderable number of cases. The perception of colours is 
interfered with ; green is first lost, then red, then yellow, and 
last of all blue. The visual field is diminished, and finally 
complete blindness may be established. The characteristic 
atrophy of the discs can of course be seen with the ophthalmo- 
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scope ; and it is important from a diagnostic point of view to 
remember that this symptom may occur at an early stage of 
the disease, indeed, in some cases, as in one which I have 
myself observed, and in another recoKled by Dr Buzzard, it 
is the first symptom. 

6. Opthalrnojilffjtia externa. — Tliis rare condition, in which 
all the external muscles of the eyeball are paralysed, has 
been observed by Buzzard ^ in two cases of locomotor ataxia, 
and probably depends upon the fact that tlie nerve nuclei 
in the pons Varolii have become destroyed in the same 
manner as the multipolar nerve cells of the spinal cord are 
occasionally destroyed in the advanced stages of the case. 
Mr Hutchinson found in six of his cases of ophthalmoplegia 
externa ' the lower extremities more or less weak, and a con- 
dition approaching more or less closely to locomotor ataxia,' 
and he makes the important remark, * tliere can be no doubt 
that ophthalmoplegia externa is sometimes a part of the ge- 
neral malady known as progressive locomotor ataxia, especi- 
ally when that disease is due to syphilis.'^ 

Trophic alterations in the skin are occasionally, though not 
very frequently, observed. Herpetic eruptions are the most 
common ; the vesicles occur in successive crops, and in some 
cases a distinct relationship can be traced between the crops 
of herpes, and attack of lightning pains. Towards the terminal 
|>eriod of the disease, bed-sores sometimes form, and tend to 
hasten the fatal termination. 

Trophic alterations in the bones and joints. — Professor 
Charcot was the first to direct attention to the peculiar disease 
of the bones and joints which occurs in a small proportion 
of cases of the disease. The condition seems to be more 
common in women than in men ; the joint tissues become 
rapidly <lisf>rganised ; the heads of the bones are absorbed ; 
and marked deformities may be produced. These altera- 
tions, which are well seen in figs. 128, 129, and 1150 (copied 
from Charcot), may give rise to marked external deformities 
(see fig. VM). A remarkable feature of the joint lesion is 
the fact, that it is attended by little or no pain, — a circum- 
stance which is probably due to the associat^nl analgesia. 
Tlie larger joints, such as the knee, shoulder, and elbow, are 

» BroAH. Aiiril 1882, p. 34 « Tram. Mtd. Ck. Soc.. LunduD, 1879. 
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moat liable to be affected. The soft tissues around tlie joiirt 
are much swollen, the swelling beinfj jartly due to serous 
e£fuaion, partly to solid induration. The pathological altera- 
tions arc very similar to those met with in chronic rheumatic 
arthritis; but the two conditions differ in the facta ; (1.) that 
one is acute and the other very chronic; (2.) that in 
chronic rheumatic arthritis the smaller joints and the hip 
are most freqiiently affected, whereas in locomotor ataxia 
the knee and shoulder are most often involved ; and (3.) that, 
in the joint affection of locomotor ataxia, there is usually 
a considerable amount of liquid effusion, not only into the 
joint itself, but into the surrounding soft tissues, and that 
dislocations are very apt to occur; in chronic rheumatic 
arthritis effusion into the joints is seldom seen, the soft tissues 
are not infiltrated, and dislocations are very rare. The 
affected bones become more friable, and are apt to fracture 
spontaneously, which condition, like the joint affection, is 
unattended by pain. The exact pathological cause of the joint 
lesion is not yet decided. Some authorities believe that it 
is due to an afifectiun of the anterior cornua of the spinal cord, 
— a view which seems to be contradicted by the facts, that 
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there is no associated muscular atrophy, that the joint affection 
may be an early symptom, and that the anterior comua have 
been found healthy in some cases which have been examined 
post-mortem, Dr Buzzard thinks that it is probably due to a 
lesion of the medulla oblongata. 

The condition, which has been long known under the 
name of perforating ulcer of the foot, has been observed in 
some cases of locomotor ataxia, and seems to be analogous to 
the trophic lesions previously described. 

Spontaneous shedding and deformities of the toe nails, 
usuaUy the nails of the great toes, and faUing out of the 
teeth, have also been observed in a considerable number of 
cases ; these trophic lesions are always associated with attacks 
of lightning pains, and are by some observers supposed to be 
due to neuritis of the peripheral nerves.^ 

Ga^stric crises, — Attacks of vomiting and gastralgia occur 
in a small proportion of cases, and have been termed ' gastric 
crises/ They are more frequent in women than in men, and 
are, as Dr Buzzard has shown, apt to be associated with ' 
Charcot's joint lesion. 

These gastric crises may occur, as Charcot has pointed 
out, quite at the outset of tlie affection. They are character- 
ised by sudden paroxysmal attacks of severe and copious 
vomiting and pain in the stomach, and are usually accom- ' 
panie<i by great prostration and heada,che. The abdomen is 
retracted, the bowels constipated, there is no fever, but the 
pulse may be unusually rapid Leyden states that gastric 
crises are not peculiar to locomotor ataxia, but are sometimes 
met with in other cord lesions. They seem to be analogous 
to the lightning pains with which indeed they are usually 
associated. In the few cases which have been examined the 
stomach has been found healthy. Dr Buzzard suggests tliat 
they are due to irritation of the nucleus of the vagus. This 
opinion, he states, has received support from an observation 
of Pierret, who found in a case of tabes, with characteristic 

1 1. In a case of sheddiog of Die teeth reported by Demaoge, and which 
w«a examined pott-morUmt sclerotic lesions were found in the floor of tbe 
foarih yentricio, and the nuclei of scvenil of the nerves, including that of the 
tdfceminuB, were implicated. For a full doscription of tlie tropbic affection of 
the nails, see Dr Domecq-Turon*s work, ' Dr h Chute tie fa Dyttmj.hif dt$ Ottylti 
cket Us AtaritpUM.* 



234 LOCOMOTOR ATAXIA. 

gastric crises, sclerosis of the fasciciilus gracilis in immediate 
relation with the nucleus of the vaguS. ' The fibres of the 
vagus and accessory are in such close proximity at their 
point of origin that chronic inflammation of the immediately 
adjacent tissues may be expected to cause both sensory and 
motor disturbance — pain in the stomach and vomiting.*^ 

The mental faculties are usually quite clear, but, as I have 
previously remarked, tliis disease is not uncommon in patients 
suffering from general paralysis of ^ insaru. Temporary 
apoplectic and epileptiform attacks have occasionally been 
observed. Intercurrent febrile attacks occasionally occur, 
and repeated attacks of bronchitis are sometimes, though 
rarely, observed. 

Course. — The affection is very chronic; cases frequently 
last ten, fifteen, or twenty years ; periods of temporary im- 
provement are not uncommon, but the termination is almost 
invariably in death ; the fatal termination is generally due 
to some intercurrent pulmonary affection ; to cystitis and 
surgical kidney ; or the fatal issue is accelerated by the 
formation of a bed-sore. Schultze (Archiv f. Psych xii. p. 232, 
quoted in Brain, April 1882, p. 128) has recorded a case in 
which most of the symptoms disappeared, but in which the 
pathological lesion characteristic of the disease (i.e. sclerosis 
of the posterior columns of the cord) still remained. 

Diagnosis. — In the earlier stages, i.e. before the inco- 
ordination and characteristic gait are developed, the pains are 
often put down to rheumatism or neuralgia. The characters 
of the pains (see page 224) are, however, quite peculiar, and, 
to a well-informed observer, at once suggest a lesion of the 
posterior columns. When optic atrophy is an early symptom, 
its true character may in such cases be easily overlooked; 
locomotor ataxia should always be suspected when dimness 
of vision and optic atrophy are established without any obvious 
cause ; and the other early symptoms, especially lightning 
pains, abolished pat<3llar tendon reflex, the * Argyll Robertson 
phenomenon,' and commencing inco-ordination should be care- 
fully inquired after. The stomach attacks {crises goMriques) 
may also occur before the inco-ordination is developed, and in 
these cases the condition is often put down to simple dyspepsia, 

1 Brain, April 1882, p. 49. 
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When the second stage is reached the diagnosis should 
present little difficulty. The facts, that the gross motor power 
is preserved, and that the difficulty in walking depends 
upon inco-ordination, at once distinguish the case from the 
paralytic afifections with which it was at one time confounded. 
Disease of the cerebellum and cerebro-spinal sclerosis are the 
two affections wliich are most liable to be mistaken for loco- 
motor ataxia. 

The differential diafjtnosis of locomotor ataxia and cerebellar 
disease, — 1. In cases of cerebellar disease, the gait is 
different ; the patient reels like a drunken man, and com- 
plains of feeling giddy; or, he walks with that form of gait 
which depends on weakness or inco-ordination of the lumbar 
muscles. 

2. Positive symptoms of cerebellar disease, such as vomit- 
ing, headache, double optic neuritis, are present. Hemiplegia 
occurs in some cases of cerebellar disease ; and tonic convul- 
sive attacks, in which the muscles of the spine are chiefly 
aflected, may be observed. 

3. The characteristic early symptoms of locomotor ataxia 
(lightning pains, abolished knee-jerk, * Argyll Robertson phe- 
nomenon,' and sensory derangements) are wanting. 

TTie differential diagnosis of typical cases of cerebrospinal 
sclerosis and of locomotor ataxia presents no difficulty, and is 
made by attention to the following points : — 

1. T/ie gait. — This is quite different in the two cases 
(see pages H5 and 86). 

2. The condition of the mental faculties and of speech, — 
In locomotor ataxia the mental functions are usually quite 
clear ; there is no affection of speech ; vertigo and headache 
are uncommon. In cerebro-spinal sclerosis there is usually 
some diUling of the mental faculties ; vertigo and headache 
are frequent ; and alteration in speech common. 

3. The presence of a rhythmical tremor on voluntary move- 
m^nt, — This, which is such a characteristic feature of cerebro- 
s])inal s(.'lerosis, d(K»s not occur in locomotor ataxia. 

4. The presence of liyhtning pains. — Tlicse are not present 
in cerebro-spinal scleroris, unless the i)ostero-extemal columns 
are invaded. 

5. Tlu condition of the patellar tendon reflex. — Tlie knee- 
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jerk is (usually) exaggerated in cerebro-spinal sclerosis, though 
it may be abolished when the lesion involves the postero-ex- 
ternal column in the lumbar region ; it is, of course, abolished 
in locomotor ataxia. . 

6. The condition of the pupil. — ^The Argyll Eobertson 
phenomenon does not occur in cerebro-spinal sclerosis,^ but 
is very generally present in locomotor ataxia. 

But while there is no great difiBculty in making a diag- 
nosis in typical cases, there are other cases in which the dis- 
tinction is very difficult, or even impossible. In cases of 
locomotor ataxia, for instance, in which the lesion is chiefly 
situated in the dorsal region, and in which the lumbar en- 
largement escapes, the inco-ordination involves the spinal 
muscles rather than those of the lower extremities. The gait 
differs from the typical gait, which depends upon sclerosis of 
the postero-internal columns in the lumbar r^ion. Again, 
in those cases in which the lesion is confined to the dorsal 
region, the knee-jerk may be exaggerated. The diflferential 
diagnosis in such cases must be determined by the facts 
placed under 2, 3, 4, and 6 in the previous paragraph, to- 
gether with the history, general course, and development of 
the two affections. Again, the lesion in the early stage of 
cerebro-spinal sclerosis might be limited to the postero- 
external columns in the lower dorsal and lumbar regions, and 
the symptoms be identical with those of locomotor ataxia ; 
the differential diagnosis could then only be made by attcD- 
tion to the general features of the case, the manner in which 
the symptoms develop and progress, and by observing the 
future course of events. 

Prognosis. — The great majority of cases of locomotor 
ataxia ultimately lead to death ; remissions in the severity of 

1 M. Vincent, quoted by Robin. Btates tbat in coses of cerebro-spioal sclerosis 
in wbich tbere is myosis, the pupil contracts both to light and to efforts of accom* 
raodation ; while M. Coingt, also qnoted by the same writer, says that in two 
cases which he examined, the pupil acted feebly to light, but energetically on 
accommodation for near objects. — Les troubkt Oculairet dans Us mfl/orffet dt 
tcHcephaie, page 213. In a very typical case of the disease (oerebro-spiual 
Bclerofiis) which I had under observation when the first edition of this work was 
published, there was marked myosis, but the reaction of the pupil both to light 
and accommodation was energetic. Professor Charcot and M. Parinaud state 
that the movements of the pupil both to light and accommodation are Donnal or 
exaggerated. Ia Proves MtdU'al, Aug. 9, 1884. 
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the symptoms are not uncommon; complete intermissions 
occasionally occur ; and in a small number of cases a cure 
is establislied. Cases with a strong syphilitic history, which 
come under treatment in an early st£^e, are probably some- 
times cured by anti-sjrphilitic treatment, but such a happy 
event is, I think, rarely to be expected. Schultze has recorded 
a case in which most of the symptoms disappeared, but in 
which the pathological lesion in the cord remained, and was 
found after death. 

Treatment. — In the earlier stages of all cases a vigorous 
anti-sypliilitic treatment should be adopted ; tincture of iodine 
may be painted over the dorsal and lumbar spines ; ergot is 
strongly recommended by some authorities. Where these 
means fail, the galvanic treatment^ should be commenced, 
and nitrate of silver (^ to ^ a grain three times a day) ad- 
ministered. The drug must be given for some months, not 
continuously, but with occasional intermissions, so as to avoid 
the risk of * staining.' The actual cautery may also be ap- 
plied on each side of the spinal column, at a point correspond- 
ing to the seat of the lesion; some authorities speak very 
highly of this form of counter-irritation, others have not found 
it give relief. Dr Rumpf claims to have obtained successful 
results from the application of the electric brush along the 
back and legs ; he describes one case in which lightning pains, 
ataxia, and disturbed micturition, which had lasted for two 
years, disappeared after a six weeks course of treatment* 

Baths are strongly recommended by some German ob- 
fier\'ers, and Rosenthal' speaks very highly of hydro- 
therapeutica Exposure and over-fatigue of all kinds must 
be avoided. The general health is to be carefully at- 
tended to, in accordance with general principles. Where 
there is a tendency to emaciation, cod-liver oil is often highly 
beneficial. 

The lightning paim are best relieved by subcutaneous 
injections of morphia ; bromide of potassium in large doses, 
and the constant (galvanic) current, in some cases give relief. 
Althaus speaks highly of the salicylate of soda in twenty 

I For the nuinner of applxnng the gmlvtnic correot (see p. 171). 
s (Seuroioff. Centralbiatt^ ISH2, No. 2 and 3; qaotod in Brmn, April 1882, 
p. 133.) 

* Oiseasa ofikt XrrrouM Sytteni, p. 259. 
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grain doses,^ but in my hands it lias not proved very efficacious, 
Buzzard relieved the pains in one of his cases by Indian 
hemp. Belladonna and sulphate of quinine, have also been 
recommended. Stretching the sciatic or other large nerve 
trunk seems to relieve the pains, but it does not appear to 
produce any beneficial efiTect on the general course of the 
disease, and it is not altogether free from danger. A decided 
opinion, either for or against this plan of treatment, is hardly, 
I think, £LS yet warranted by facts. 

The gastric attacks are probably best treated by morphia; 
but bismuth, and saccharated pepsin, in doses of fifteen to 
twenty grains with each meal, are strongly recommended by 
Hammond.* 

The optic atrophy is uninfluenced by treatment ; strych- 
nine, which seems useful in some cases of optic atrophy 
arising from other causes, does not appear to produce any 
beneficial effect on the grey atrophy of locomotor ataxia, 
while it is hurtful rather than otherwise so far as the general 
condition is concerned. 

The derangements of the bladder and rectum, bed-sores 
and other complications, must be treated on general medical 
principles. . 

1 Bi-UUh MedicalJounuil, Nov. 9, 1878, p. 687. 
3 Dueases of the Nervous SysUm^ p. 638. 
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INDISCRIMINATE LESIONS, 

(1) MydiXb^ { ^JJ^^Jj^ 

(2) Landri/s Paralysis. 

(3) Disseminated Sclerosis. 

(4) Intra^medullary HcBmorrhage. 

(5) IrUra-medullary Tumours. 

MYELITIS. 

Inflammation of the spinal cord may be either acute or 
chronic; and it is necessary to consider the two varieties 
separately. 

Acute Myelitis (Acute inflammation of the spiruil cord.) 

iETiOLOGY. — In many cases the exact cause of the attack 
is obscure. The condition seems more common in youth 
and early adult life than in children or old people.^ 

Predisposing causes. — Anything which debilitates the sys- 
tem as a whole, and the cord in particular, seems to act as a 
predisposing cause. Sexual excess, and excessive muscular 
exercise, probably act as predisposing causes ; though I have 
known excessive muscular exertion act as an exciting cause, and 
reproduce a myelitis which had been recently recovered from. 

Exciting causes. — The chief exciting causes are exposure 
to cold and wet ; traumatic injuries, such as blows on the back, 
concussions of the spine ; extension of the inflammatory pro- 
cess from adjacent and distant parts, especially from the (adja- 
cent) membranes, or from the (distant) urinary organs ; acute 
inflammatory affections, such as diphtheria, small-pox or 
tj'phoid ; * sj'philis ; excessive bodily exercise, though this is 
rare; and compression of the cord by diseased bones, tumours, 
or thickened membranes. 

Pathology and morbid anatomy. — The extent of cord 
which happens to be involved varies greatly in different cases 

< The 0Xitem dlseue (^poUo-ffUftUtU anirriar acuta) is, iim has been already 
poialed oat, rery much more common in children than in adults; but that a£fec- 
doa )ias been expressly excluded from the present section. 

> In these cases the inflammatory process is usually sub-acute. 
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and several distinct varieties of the disease are accordingly 
described by systematic writers. The more important of 
these forms are : 

1. Acute general myelitis, in which a large extent of the 
cord is afifected by the inflammatory process. 

2. Acute central myelitis, in which the central grey matter 
is chiefly affected. 

3. Acute transverse myelitis, in which the whole transverse 
section is afifected, but in which the vertical extent of the 
lesion is small. The lumbar, dorsal, and cervical regions are 
all liable to be invaded in this manner. 

4. Acute unilateralmyelitis, in which half of one or more seg- 
ments in the lumbar, dorsal, or cervical regions, is implicatcii. 

5. Acute disseminated myelitis, in which numerous dis- 
tinct foci of inflammation are scattered throughout the cord. 
This condition is very generally syphilitic. 

6. Acute hulhar myelitis, in wliich the medulla oblongata 
is implicated by the lesion. 

In addition to this division, which is based upon the 
position and extent of the inflammatory lesion, another clas- 
sification which is sometimes useful is the aetiological ; it 
attempts to classify the inflammatory process in accordance 
with its cause. Thus we have an acute traumatic myeUtis, an 
acute syphilitic myehtis, an acute idiopathic myehtis, and so on. 

The morbid ancUomy of acute myelitis. — Three stages are 
usually described. In the Jirst, that of congestion or stasvi, 
the affected portion of cord is usually seen on section to be 
red and hyperaemic ; it swells up above the level of the ad- 
jacent healthy tissue, and is somewhat softer than natural 
In some cases of acute myehtis no hyperaemia and redness are 
visible to the naked eye ; in more than one instance of acute 
myelitis following fracture and displacement of the vertebne, 
I have found the cord, to the naked eye, simply swoUeu 
and softened, but on microscopical examination presenting 
all the appearances of acute inflammation. On microscopical 
examination, the vessels are found to be distended with 
blood ; the lymphatic sheaths may be crowded with leucocytes 
and capillary haemorrhages are sometimes present (see ligs. 132 
and 133). The axis cylinders and nerve cells are, even in the 
early stages, hypertrophied (see figs. 134 and 135). The con- 
nective tissue elements are commencing to proliferate, the 
stellate corpuscles (Deiters* cells) being unusually prominent. 
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In the softened parts in wliich the nerve elements are break- 
ing down, compound granule corpuscles and oil globules are 
seen. 

In the second stage, that of exudation a fid softening, the 
redness and hyperaemia have in great part or entirely disap- 
peared, the softening is much more marked; the affected 
parts may be completely disorganised and liquified. Under the 
microscope the nerve elements are seen to be broken down ; 
compound granule cells and oil globules are abundant. 

In the third stage, that of absorption and cicatinsation, the 
softened material is gradually removed. The affected portions 
contract and become sclerosed. On microscopical eocaviination, 
the compound fi^ranular corpuscles and oil globules have in 
great part disappeared (see fig. 136); the connective tissue 
trabeculae are thickened ; the connective tissue cells are large 
and prominent; the blood vessels in the affected part are 
sometimes enormously dilated and their walls hypertrophied. 
The central canal is often filled with small round cells (see 
figs. 138 and 139), this change is not peculiar to myelitis, 
indeed it has been present in the majority of adult conis 
(both healthy and diseased) which I have examined. In 
some cases the nerve cells are vacuolated (see fig. 137). 
Occasionally after the absorption of the softened tissue, a 
cyst remains. 

In hardened specimens, a glassy, colloid-like exudation, 
is frequently met with (see figs. 140, 141, and 142); it 
surrounds the blood vessels and infiltrates the tissues; the 
nerve cells of the anterior comu may be greatly swollen and 
distended by this finely-granular, glistening material ; small, 
round masses of the same material are sometimes seen in the 
interior of the blood vessels. This glassy swelling of the 
nerve cells must be carefully distinguished from the inflam- 
matory hjrpertrophy which Charcot has described. In the 
true inflammatory swelling the enlarged nerve cells stain 
deeply with carmine; in the glassy swelling the swollen 
cells are unaffected by that reagent, osmic acid stains the 
hyaline material a deep blue black, methyl aniline a rose 
pink colour; in true hypertrophy the enlarged cells are 
unaffected by these reagents. The exact significance of this 
hyaline change is doubtful, but so far as I can form a judg- 
ment, it occurs in the great majority of cases of myelitis, 
tioth acute and chronic. Some good observers think that 



242 ACUTE MYELITIS. 

it results from the mode of preparation, and that it is due 
to the action of spirit. I have not been able to satisfy 
myself that it is entirely an artificial product. While I 
am prepared to allow that hardening in spirit favours its 
production, or as some observers would perhaps say its 
demonstration, I have satisfied myself that the presence of 
miliary sclerosis is in most cases evidence of a diseased state 
of the tissue ; take for example two cords, one of which is 
perfectly healthy and the other aflected with myelitis, harden 
them both in the same way, using some spirit as part of the 
hardening fluid ; examine both cords at the end of six weeks, 
miliary sclerosis will, so far as I have been able to observe, 
be developed to a much greater degree in the disease than in 
the healthy cord. Further, Dr Tuke informs me tliat he has 
frequently met with patches of miliary sclerosis in brains 
which have been entirely hardened in Miiller's fluid, he is 
quite convinced that spirit is not necessary for the production 
of the lesion. The condition seems to be identical with that 
which was described by Professor Rutherford and Dr Batty 
Tuke under the term ' miliary sclerosis! 

It is often extremely difficult to distinguish simple (non-in- 
flammatory softening) from the softening due to inflammation. 

Simple (non-inJUimmxitory) softening probably depends 
in the great majority of cases upon defective blood supply. 
Any alteration of the walls, which narrows the vascular 
canal, will tend to produce it. In some cases plugging 
{emholisvi or thrombosis) of the vessels going to the softened 
part can be demonstrated, but such cases constitute only a 
small proportion of the whole. 

Erb states that simple (non-inflammatory) softening occa- 
sionally results from slow compression of the cord. 

The microscopical examination of the softened parts is the 
only means by which we can distinguish simple softening 
from the inflammatory variety ; Erb gives the following con- 
cise account of the microscopic appearances in the two con- 
ditions : — 

' Wherever we find a large number of cells containing fat 
granules, tensely distended blood-vessels, numerous yoimg 
cells, increase of the interstitial tissue, swollen axis-cylinders, 
etc., we are justified in assuming positively the inflammatory 
character of the process. On the other hand, when these cha- 
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racteristics are wanting, and we only find simply swollen and 
disintegrated nerv^e-fibres, ganglion-cells in a state of glassy 
swelling, a few cellular elements and fat-graniile cells, and a 
small quantity of fatty detritus, we must diagnose a simple 
softening. Further and searching investigations of this point 
are, however, very much to be desired.' * 

The softening is usually situated in the lumbar region of 
the cord, and is due, as Dr Moxon has so ably shown, to 
the peculiar manner in which the lower end of the cord 
receives its blood supply. Dr Moxon's explanation is so im- 
portant, that I make no apology for quoting it in full : — 

* Here I must take the liberty of drawing your attention to some 
▼ery well-known anatomical points by which the curious fact that 
only the legs suffer in the caisson disease is, I think, quite clearly 
explained. I need scarcely remind you that whilst the spinal canal 
extends down into the sacrum, the spinal cord does not extend below 
the lower border of the first lumbar yertebra ; but the spinal cord 
gives off nerves all the way down on each side, and the spiuaJ canal on 
its part is pierced on each side with a series of openings all the way 
down, even to the lowest part of it, at pretty even intervals, the open- 
ings serving to let out the nerves that arise from the cord The con- 
sequence of this arrangement is of course that the distance between 
the place of origin of the nerves of the cord, and their place of exit 
from the canal is short, as to the upper nerves, but increases much as 
to the lower nerves, so that the nerves run nearly horizontally to the 
neck and upper limbs, whereas to the loins and legs they run a long 
way down before reaching the dura mater, extending indeed for many 
inches, and forming a bunch of long, loose threads, something like a 
borse^s tail, and known as the cauda equina. Now, the spinal cord is 
suspended within the spinal canal in subarachnoid fluid, which entirely 
insulates it. And meantime surrounded by this liquid, and insulated 
by it, the spinal cord itself is out of reach of any blood -supply except 
such as can come to it from the brain above or else along the nerve- 
roots at the sides. And in fact the supply of this important part be- 
comes, if I may so speak, one of Nature s difficulties. Let us see how 
the difficulty is met. llie blood-supply to the spinal cord is carried 
oat by slender veftsels which come from the vertebral arteries within 
the cranium. There are three of these arteries — one on the front and 
two on the back of the cord ; they are very slender, and yet have to 
run along its whole length. No arteries so small as these run so great 
a length elsewhere in the body, and pressure falls rapidly in minute 
arteries as the length of pipe increase's, so that it becomes necessary to 
reinforce these slender vessels wherever possible ; and advantage is 
taken of the nerve-roots to send up little reinforcing arteries along 
these. In the part of the cord corresponding to the neck, upper 
extremities, and trunk, where the nerve-roots are short, the reinforcing 

1 Ziemagen't CycUtpHedin of MtdkitUi \o\. xiiL p. 470. 
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arteries are also short, and they reach and joiu abd furnish blood to 
the spinal arteries — so that in this part of the cord every segment of it 
is supplied with blood from two directions, the anterior spinal artery 
bringing blood from above and the reinforcing artery from below. But 
when you approach the tip of the cord the supply from below becomes 
exceedingly precarious, and even apt to fail entirely, because upon the 
Jong strands of the cauda equina the small arteries are too narrow and 
too long to reinforce the cord with any certainty. But, at the same 
time, the supply from above has to be furnished with greater difficulty 
than in the upper regions of the cord, because the original anterior 
spinal artery is very far away, and the reinforcing arteries even in the 
lumbar region have to run considerably longer courses than they had 
in the cervical region. 

Thus the tip of the cord has its blood-supply only from above, and 
deficiently even there, whilst the upper parts of the cord have a better 
sustained supply both from above and below ; and this becomes 
especially the case upon the cauda equina itself, for here the arteries 
are exceedingly minute and uncertain in size on the several nerves. 
Hence we see that the tip of the spinal cord corresponding to the lower 
limbs and sphincters is much more weakly organised as to its circula- 
tion than are the upper parts of the cord.^ * 

Symptoms. — The symptoms vary very much in different 
cases, the differences being readily accounted for by the 
different degrees of acuteness, and more especially by the 
extreme differences in the position and distribution of the 
lesion which are met with in different cases. I do not pro- 
pose to describe in detail each of these different types ; pro- 
vided a good general grasp of the symptoms, which the 
inflammatory process produces, has been obtained, it will be 
easy to fill in the special features, which result from inflam- 
mation of the different paits of the cord, by referring to the 
detailed description wliich has been already given of the 
symptoms produced by lesions of the different physiological 
regions and tracts (see Chapter II.). 

In studying the symptoms of acute myelitis it is essential 
to remember : 

(1) That the inflammatory process first produces irritation 
and subsequently destruction of the affected part. (2) That 
the stage of irritation is short, and that the symptoms, which 
result from destruction of tissue, are therefore rapidly de- 
veloped. (3) That as soon as the acute stage passes off, chronic 
changes are usually developed ; and (4) That in many cases 
(i.e, where the inflammatory process destroys the continuity 

I The Ci'iKtnian Lecturer on the Influeoce of the Circulation on the Kerron* 
System —Lancttj April 2, 1881, pages 529 aud 580. 
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of the pyramidal tracts), a secondary descending degeneration 
of the pyramidal trax^ts, below the lesion, is established. 

We may then conveniently divide the process into (1) a 
premonitory stage; (2) a stage of irritation; (3) a stage of 
destruction; and (4) a stage of cicatrisation and secondary 
degenerations. 

It is also important to remember, that in some cases the 
inflammatory process affects the membranes of the cord, and 
that symptoms of meningitis are present in addition to those 
which result from inflammation of the cord itself 

The Premonitory Stage, — In some cases, premonitory symp- 
toms, chiefly consisting of derangements of sensation, such as 
a feeling of numbness, or tingling, or of slight pain in the 
limbs or back, and of mild febrile disturbance and general 
malaise, are observed. In others, the attack commences with 
a chill, which is followed by rapid elevation of temperature. 
In othera again, premonitory symptoms are entirely wanting, 
and the spinal symptoms appear at the commencement of the 
case ; occasionally the spinal symptoms (paralysis, anaesthesia, 
etc.) are developed so rapidly as to suggest an intra-meduUary 
hipraorrhage.^ 

The Stage of Irritation. — The symptoms which characterise 
this stage are both sensory and motor. The sensory symp- 
toms consist oi painful sensations, and sometimes hypera^hesta 
of that portion .of the skin to which the sensory nerves, 
entering the cord at the seat of the lesion, are distributed ; 
myalgie pains, and sometimes pain in the back? When the 
inflammatory process involves the postero-extemal column, 
shooting pains^ in the sensitive areas of the root-fibres which 
are irritated, will probably be obser\'ed. In many cases the 

1 The ooBct io acute myelitis is never iiutoitfoMow, as it may be in an intra- 
medullary luemorrbage. Again, an iutn^ medullary tuemurrhage is not preceded 
Ity ferer as an acute myelitis may be. In distinguishing the two conditions 
(myelitis and intra-medullary lubmorrbage) post-mortem^ it is important to re- 
member that in many cases of acute myelitis blood is extra vacated at the seat of 
the inflammation. 

* The pain in the back is not increased by movement, and is never very pro- 
minent unless there is associated meningitis. 

' This symptom is by no means common. Wlien sharp sliooting pains are 
prominent, they probably depend upon associated meninfritiK. 
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girdle sensation is an early symptom ; it may persist through- 
out the course of the disease, and is probably due to irritation 
of the posterior root-fibres at the junction of the healthy and 
diseased tissues. These irritative phenomena are usually, 
even from the first, associated with symptoms of sensorj^ 
impairment (numbness, 'pins and needles,' anaesthesia and 
analgesia). After a few hours the irritative phenomena 
usually subside, and the symptoms of sensory impairment 
become more prominent. 

Symptoms of sensory irritation may persist in the parts which are 
supplied by sensory nerve fibres, which enter the cord at the upper 
level of the lesiou. The girdle sensation which remains in many cases 
throughout the disease, is probably due to this cause. 

The motor syraptoms which characterise the stage of irrita- 
tion are muscular twitchings and tremors, and in some cases 
cramps and spasms. These symptoms are seldom prominent, 
and, as in the case of the sensory phenomena, they may be 
from the first accompanied by symptoms of impaired motor 
power. The twitchings, spasms, etc., are chiefly observed in 
the muscles supplied by motor nerves coming oflF from the 
cord at the level of and below the lesion. In some cases, 
particularly in those in which the lumbar region of the 
cord is implicated, the attack may be ushered in by bladder 
symptoms, such as increased frequency in micturition, spasm 
of the detrusor, or (more frequently) loss of expulsive power. 

The stage of Bestrmtion. — The duration of the irritative 
stage is, as a rule, short, and in the course of a few hours 
symptoms due to destruction and impaired function become 
prominent ; the paresis rapidly increases, and a condition of 
complete paralysis may be quickly established; the symp- 
toms of sensory irritation subside, and complete anoesthesia 
and analgesia are developed. In other cases, the sensory 
impairment is only partial; inability to localise tactile im- 
pressions, retardation of sensory conduction, 'anoBsthesia 
dolorosa* and a peculiar condition described by Charcot, in 
which a touch on the skin of the affected part produces a 
diffuse sensation of vibration and pain in the whole of the 
extremity, are the chief sensory alterations wliich are present 
in cases of this description. In a large proportion of cases, 
the functions of the bladder and rectum are seriouslv inter- 



SYMPTOMS. 247 

fered with; constipation is present in almost all, and in some, 
as I shall presently mention, ■ paralysis of the sphincters 
occurs. Gangrenous inflammation, or the so called acute 
bfd-sore (see fig. 143), frequently develojs over the sacrum, 
trochanters, or heels; it is perhaps due to an irritative affection 
of the posterior horn of grey matter; it may appear within a 
few days from the commencement of the attack, and may be 
well developed towards the end of the first week ; when the 
lesion is unilateral, the acute bed-sore is developed on the side 
uf the anaesthesia, i.f. on t)ie opposite side to the cord lesion. 




Tit acult btd-Kirt,J'rom a can oftngtlilii, intic* imohtd tin dorial Ttgicnf/llir lord- 

-^AJUr CkarcoL.) 

a, slough i b. Off tlumalai]* lono. 

Cerebral symptoms arc rare;' but the morbid process does 
occasionally extend to the nerve centres within the cranial 
cavity. In extremely rare cases, optic neuritis has been 

' Ib PoUo-mjElilit inlcrior icoU, u I bare |irevinuil)' mtnlioiwd, lite oant 
n»7 tie altCDded with cddtuIijohb, 
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observed. Tlie amount of febrile disturbance varies greatly in 
different cases; in some, the temperature rapidly rises and 
attains a considerable height, 103*" or 104® Fahr. ; the pulse 
may reach 120, 130, or even 160 in the minute; headache, 
loss of appetite, thirst, and the general feeling of malaise which 
accompanies all severe febrile attacks, are then present In 
other cases — and they constitute the majority — the elevation 
of temperature is slight or wanting, and the general con- 
stitutional symptoms are not so prominent; the fever may 
continue for sometime, but as a rule it quickly subsides. 
^Vhen the acute bed-sore, and acute cystitis and pyelo- 
nephritis are established, a fluctuating temperature, hectic 
sjrmptoms, or pyiemia, may be developed. 

T]ie exact extent and distribution of the paralysis depend 
upon the position of the lesion in the cord, and the extent of 
the transverse section wliich is invaded. In cases, for ex- 
ample, in which tlie lesion is a total transverse one, all the 
parts supplied by motor nerves arising from the cord at and 
below the level of the lesion will be paralysed. 

The co7idition of t/ie affected (paralysed) muscles also de- 
pends upon the position and extent of the lesion. When the 
inflammation involves the grey matter of the anterior cornua, 
the muscles, supplied by motor nerves arising from the affected 
part of the cord, undergo rapid atrophy, and present the 
* reaction of degeneration.' Where the paralysis depends 
upon a lesion of the motor tract in the lateral column, rapid 
atrophy and the 'reaction of degeneration' do not occur. 
The paralysed muscles may, at first, be flaccid ; but after a 
time {i.e. when secondary descending degeneration is estab- 
lished) they become rigid. 

The coiidition of the reflexes varies in accordance with the 
position of the lesion. The essential facts to remember are : 

(1.) That the reflex movements of any segment are not 
interfered with so long as the reflex arc, passing through the 
segment is uninjured. 

(2.) That lesions which involve the p}Tamidal tracts, 
arrest the cerebral control, give rise to secondary descending 
degeneration, and are attended with increase of the reflexes 
passing through inferior segments. 

The condition of the paralysed muscles and the state of 
the reflexes will be more easily understood by referring to the 
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description which has been previously given of total and 
unilateral transverse lesions (see pages 60 and 63), and by 
referring to figs. 59 and 61. 

Hie condition of the hladder and rectum, — The exact nature 
of the vesical and rectal derangements depends upon the 
position of the lesion. When the reflex centres are implicated, 
i.e. when the lesion is situated in the lumbar region of the 
cord, paralysis of the sphincters will be present; in such 
cases, the urine rapidly becomes ammoniacal, bloody, or 
purulent, and the trophic form of cystitis may be proiluced. 
In many cases of myelitis, a condition which is verj' similar 
to, if not identical with, the so-called * urethral * or * catheter ' 
fever of surgeons is established ; it not unfrequently is the 
immediate cause of death. When the centres for the bladder 
and rectum are not directly implicated, when, for example, 
the lesion involves the upper dorsal region, a temporarj' 
paralysis of the detrusor may be present, but it usually passes 
off, and the vesical reflex is re-established. In these cases 
micturition may be performed unconsciously (see p. 134), and 
the patient may be unable to restrain or influence the process 
by an effort of the wilL 

When the cervical region is affected, the upper as well as 
the lower limbs are paralyseil ; priapism and hyper-pyrexia are 
often present ; tlie action of the heart may be deranged ; in 
some cases the pulse is extremely rapid, in others it is 
irregular; painful sensations in the region of the heart are 
sometimes observed. 

Lesions in the upper dorsal and cervical regions may be 
attended with serious derangement of the respiratory functions. 
Where, for example, the inflammatory process runs an acute 
ascending course, the different muscles concerned in respira- 
tion (viz., tliose of the abdomen, the intercostals, and tlie dia- 
phragm) may all in turn be paralysed, intense dyspnoea and 
death from asphyxia resulting. Paralysis of the abdominal 
muscles causes difficulty in ex])iration, in coughing, and in ex- 
{>ectoration ; the bronchial tul)es are apt to become obstructed, 
and a trivial bronchitis may 'prove fatal. Paralysis of the 
intercostal muscles produces difficulty in inspiration, the 
patient breathes chiefly with the diaphragm, and the extra- 
onlinar}' muscles of respiration are called into play. When 
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tlie diaphragm itself becomes paralysed, the extraordinary 
muscles of respiration are thrown into still more vigorous 
action, the dyspnoea becomes intense, and death from asphyxia 
quickly supervenes. 

Termination of the acute sta^e. — ^The acute stage not un- 
frequently terminates in death ; the fatal result may be due 
to a variety of causes, amongst which the following are some 
of the chief: — paralysis of the respiratory muscles, cystitis 
and kidney complications, the acute bed-sore, pneumonia or 
other pulmonary affections. 

In most cases, the acute stage is tided over, the condition 
becomes chronic, and the stage of cicatrisation and secondary 
degenerations is reached. The future course of events varies 
greatly in diflferent cases. 

In many, the constitutional symptoms subside, the general 
health is gradually re-established, and a chronic paraplegia 
remains, a considerable amount of motor power being slowly 
regained, and the sensory derangements being more or less 
completely recovered from ; finally, the patient is able to walk 
about with the aid of crutches or sticks. In a few cases, the 
recovery is much more complete ; and occasionally, but veiy 
rarely, a perfect cure ia established. As the process of 
cicatrisation and secondary descending degeneration advances, 
the paralysed muscles below the level of the lesion become rigid, 
their reflexes (especially the deep reflexes) are exaggerated, 
and the paraplegia assumes the spastic type. In fact, acute 
and chronic myelitis are the usual causes of spastic or spas- 
modic paraplegia. 

In other cases little or no improvement occurs. After the 
acute symptoms have subsided, the patient remains for some 
time in statu quo, and ultimately dies, exhausted by the dis- 
charge from extensive bed-sores, or from cystitis, or from 
complications on the part of the kidney or respiratory organs. 

Diagnosis and Differential Dla^gnosis. — ^The conditions 
with which acute myelitis is most likely to be confounded 
are acute meningitis, simple haemorrhage into the substance 
of the cord or into the meninges, and hysterical paraplegia. 

The differential diagnosis of myelitis and spinal meninffiiis. 
— The distinction is sometimes impossible, for the two condi- 



DIAGNOSIS. 



251 



tions are not unfrequently combined. Both affections are 
acute, both may be ushered in by fever, and both are attended 
by symptoms which are clearly spinaL The main points of 
difference are, that in myelitis the irritative symptoms are 
comparatively slight, of brief duration, and soon followed by 
paralytic symptoms of a marked character ; while in menin- 
gitis, the irritative symptoms are very prominent, the irritative 
stage is long, the paralytic symptoms are late in appearing and 
are relatively slight. The chief points of differential distinc- 
tion are given in the following table : — 



The differential diagnosis of myelitis and spinal meningitis. 



Kyelitii. 
Pain in the back not promineot. 



Sbootiog pains and hyperaes- 
thesia are seldom prominent 
Anssthesia auickly appears, 
and Lb generally well marked. 



Paralysis appears early, and is 
much more prominent than 
cramps and spasms. 



The sphincters are often par- 
alysed; the nrine is often 
anmioniacal. 

Trophic disturbances of the skin 
are common. 

Ferer is sometimes considerable, 
but may be absent 



KeningitiB. 

Pain in the back, increased by 
movement, is generally very 
marked. 

Shooting pains in the limbs or 
trunk, and hypersesthesia are 
generally prominent features. 
Ansesthesia occurs later, and is 
relatively slight 

Muscular cramps, spasms, and 
rigidity of the limbs, and stiff- 
ness of the back are more 
marked than motor paralysis, 
which is late in appearing. 

The sphincters are not paralysed ; 
the urine is not ammoniacal. 



Trophic disturbances of the skin 
are rare. 

Fever generally well marked. 



The differential diagnosis of myelitis and simple Iicemorrhage 
into the cord, — Here again a distinction is not always possible, 
for the two conditions are often present in the same case. The 
points in favour of a simple hiemorrhage are a very rapid (or 
immediate) onset, which is not preceded or accompanied by 
fever, and the fact that a high degree of paralysis is at once 
reached In myelitis, on the other hand, the onset is, as a nile, 
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more gradual ; there is often fever ; as a rule, the paralytic 
symptoms are gradually developed after a prelimm^ry stage 
of irritation, the duration of which is usually brief ; in some 
cases, the lesion pursues an ascending course, and the para- 
lysis gradually increases. 

Tlie distinction from hoemorrliage into tlie spinal membranes 
would probably not be diflficult In that rare condition the 
symptoms occur abruptly, and are indicative of meningitis and 
pressure upon the cord rather than of myelitis. 

The differential diagnosis of paraplegia, the result of mye- 
litis, arid paraplegia due to functional (hysterical) causes, will 
be afterwards described. (See page 301.) 

Prognosis. — The prognosis is generally unfavourable; some 
patients die during the acute stage ; in the great majority of 
those which escape the initial dangers, some motor paralysis 
remains, a perfect cure being extremely rare. The opinion 
as to the immediate result must be determined by the special 
features of each individual case. High fever, paralysis of the 
sphincters, the acute form of cystitis, the acute bed-sore, para- 
lysis of the respiratory muscles, and extension of the morbid 
process to the medulla oblongata, are highly unfavourable 
indications. 

When the case has become chronic, the opinion as to the 
future course of the paralysis must be chiefly guided by its 
extent and severity, the effect of treatment, and the patho- 
logical character of the lesion. In many cases a fair degree 
of motor power is regained, and in some, more especially 
syphilitic cases, the recovery is complete. Spastic symptoms, 
which have developed slowly after myelitis, are usually 
associated with secondary descending degeneration, and are 
seldom completely recovered from. 

Treatment. — The general plan of treatment which I 
have sketched out in speaking of polio-myelitis anterior acuta 
is to be adopted. When the case is seen quite at its com- 
mencement an attempt may be made to cut short and allay 
the inflammatory process by the application of ice-bags to 
the spine, and by the internal administration of ergot and 
belladonna; these measures are sometimes attended with 
success, but in most cases the inflammatory process pursues 
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its course, and the treatment must be chiefly directed to tiding 
the patient over the acute stage, and to the prevention and 
relief of bed-sores and bladder complications. (See pages 173 
and 175). The diet must be light and nutritious ; the pa- 
tient's room should be kept cool and well ventilated. After 
the acute stage has passed oif, the galvanic treatment may be 
conmienced, iodide of potassium administered, and the usual 
treatment for a case of chronic myelitis adopted. In syphi- 
litic cases the iodide of potassium and bi-chloride of mercury 
should be given from the first. 

PARALYSIS ASCENDENS ACUTA, 

m 

Synonym. — Landry's paralysis. 

DefinitiofL — Under thef name paralysis ascendens acuta , 
Landry was the first to direct attention to a rare affection, 
the characteristic feature of which is motor paralysis com- 
mencing in the muscles of the lower extremities, and gradu- 
ally extending to those of the upper extremities and trunk, 
and finally to those supplied by motor nerves arising from 
the medulla oblongata. 

Pathology and Morbid Anatomy. — The morbid anatomy 
of the affection is unknown; in most of the cases which have 
been hitherto examined, the spinal cord, medulla oblongata, 
brain, peripherd nen'es, and muscles, seemed healthy ; in a 
few cases inflammatory changes in the grey matter have been 
found.^ In consequence of these negative results, and also 
in consequence of the fact that changes have in some cases 
been found in the spleen and other glandular organs similar 
to the changes found in the infectious fevers; Landry and 
some other observers think the disease may be due to the 
introduction into the system of some toxic material. Schulz 
and Schultze (quoted in Brain, April 1882, p. 131) suggest 
that acute ascending paralysis may represent the lightest 
form of a general bulbar and spinal inflammation in which 

> Dr Rom, for example, found distinct pathological changes in tlie central 
group of cells of the anterior horn, bnt as he did not see. the case during life, 
* the diagnosis,* he says, * must perhaps be regarded as somewhat doubtful/^ 
ihMoses of the AerroM System. Second Edition, vol. i. i>age 907. 
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the lateral columns and medulla are specially aflTected. In 
some cases the evidence of inflammation is so very slight as 
to be very difficult of detection even by the best observers. 
They think cases are sometimes seen which occupy a mid 
position between poliomyelitis anterior acuta aAd Landry's 
paralysis, in which there are the general characters of Landry's 
paralysis, but rapid diminution of electrical excitability. 

-Etiology. — The conditions which predispose to and excite 
the disease are unknown. The affection is more common in 
men than in women, and seems to occur almost exclusivelv 
between the ages of twenty and forty. In some cases, there 
is a history of exposure to cold and wet; in others of 
syphilis ; in others again the disease follows an acute febrile 
affection, such as typhoid, pneumonia, etc 

Onset, Symptoms, and Course. — Premonitory symptoms 
consisting of slight febrile disturbance, symptoms of slight 
sensory or motor derangement, such as numbness, weakness, 
and heaviness of the limbs, usually precede the onset of the 
paralysis. In other cases, the attack commences suddenly. 

The characteristic symptom is muscular weakness, which 
quickly becomes complete paralysis. The muscles of the 
toes and feet are first affected ; then those of the leg and 
thigh ; the muscles of the hands, arms, and trunk, are next 
involved in turn, and finally the muscles of respiration and of 
deglutition are implicated, and the patient dies asphyxiated. 

The affected muscles do not become markedly atrophied, 
and do not present the 'reaction of degeneration.' Their 
reflexes are for a time retained, but soon become diminished 
or abolished. 

The sensory disturbances are slight; the bladder and 
rectum are seldom affected ; trophic alterations in the skin do 
not occur, and there are no cerebral symptoms. In most 
cases fever is absent, and the general state of nutrition is 
well preserved; in others the temperature is elevated, and 
the usual constitutional disturbances which attend acute 
febrile affections, such as quick pulse, thirst, emaciation, etc., 
are observed. 

The duration of the disease varies considerably in different 
cases, the average being from eight to twelve days. Some 
prove fatal in three or four days ; otliers in two or three 
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weeks. The termination is usually fatal, but a few cases 
recover. 

Diagnosis. — The facts, that there are no marked sensory 
derangements, no trophic alterations in the skin, and no dis- 
turbances of the bladder and rectum, at once distinguish the 
condition from the ordinary form of acute ascending myelitis ; 
while the absence of sensory disturbances, the ascending 
course of the disease, and the negative evidence afibrded 
by post-mortem examinations, seem to show that the condition 
cannot be due to a neuritis of the common sensory motor 
nerve trunks. D^jerine found alterations in the anterior or 
motor roots of the spinal nerves ; he regards these alterations 
as secoudaiy to changes, perhaps of a trophic kind and too 
delicate to be discovered by the microscope, in the multipolar 
nerve ceUs of the anterior comua.^ 

The disease is readUy distinguished from polio-myelitis 
anterior acuta by the facts ; that the paralysis is progressive, 
and that the paralysed muscles do not undergo rapid atrophy, 
and do not present the * reaction of degeneration.' 

Landry's paralysis closely resembles, in some particulars, 
the subacute inflammation of the anterior comual region which 
was described by Duchenne under the name . of Paralysie 
g^ndrale spinale ant^rieure subaigue. In order to distinguish 
the two affections, attention must be particularly directed to 
the mode of onset and development of the paralysis, the con- 
dition of the muscles, and the progress of the case. 

The Prognosis is very unfavourable ; a rapid, ascending 
course, the early implication of the respiratory muscles, and 
the occurrence of bulbar symptoms are very serious indica^ 
tions ; the result will in all prol)ability l)e fatal in those cases 
in which the paralysis rapidly ascends, in which the respiratory 
muscles are implicated, and in which bulbar symptoms occur. 

Treatment. — ^The same treatment which has been recom- 
mended for acute inflammation of the anterior cornual region 
(see page 188) is to be adopted. 

I Htckerckes mr let letiotu du Mygtime Htreeiur dans la parol jf$i€ ascemdante aigve^ p. 64. 
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CHRONIC MYELITIS. 

Bejinitian. — Under the term chronic myelitis, we may 
include all the indiscriminate lesions, which run a slow and 
tedious course, which are unattended with fever, and which 
present the microscopical characters which are described 
below.^ 

^Etiology. — The same causes which give rise to acute 
myelitis may also produce the chronic form of the disease, 
and an acute attack not unfrequently passes into the chronic 
condition. Hereditary predisposition to nerve disease seems in 
some cases to be an important (etiological factor ; and syphilis 
is a frequent cause both of the focal and disseminated varieties. 

Pathology and Morbid Anatomy. — The extent and dis- 
tribution of the lesion varies very much in different cases, 
and here, as in acute myelitis, several distinct varieties may 
be described, the most important of which are : — 

1. Chronic transverse myelitis, in which the whole trans- 
verse section, usually in the lumbar or dorsal region is affected. 

2. Chronic disseminated myelitis, in which many separate 
foci of disease are scattered throughout the cord, and occupy 
very different positions in the transverse section at different 
levels. This form is very generally syphilitic. 

3. Chronic peripJieral or annular myelitis, in which the in- 
flammatory process chiefly affects the surface of the cord. Tliis 
form is usually secondary to meningitis, or to compression. 

4. Chronic /oca/ myelitic, in which a single patch of inflam- 
mation occupies a portion only of the transverae section. 

5. Chronic general myelitis, which is perhaps the lesion 
in some cases of chronic ascending paralysis. 

Or we may, as in the acute form, make an {etiological sub- 
division, and class the cases as chronic syphilitic myelitis, 
chronic compression myelitis, chronic traumatic myelitis, 
chronic idiopathic myelitis, and so on. 

Locomotor ataxiA and prioiary lateral Bclerosis are probably chruoic ioflav- 
tnations; but they are Mystera diHeases, and have therefore, been previously 
considered. Again, disseminated sclerosis undoubtedly presents many of the 
histological characters of a chronic myelitis, but in it the Inflammation of tie 
nervous tissue is distiui-tly secondary to a sclerosis which commeooes in tbe 
neuroglia and causes secondary irritative and inflammatory lesions in the nerve 
tubes. 
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On macroscopic examiruUion, the affected part of the cord 
is generally firmer than natural ; the greater density being 
due to an increase of the connective tissue elements; in 
advanced cases, the nerve elements may be entirely replaced 
by the connective tissue growth. 

On microscopical examination, the same changes which have 
been described as characteristic of the third stage of acute 
myelitis, i.e, the stage of absorption and cicatrisation, are 
present. (See page 241.) In the affected portions of the cord, 
the nerve tubes may have completely disappeared ; the con- 
nective tissue trabecular are thickened and enclose spaces the 
contents of which^-consisting usually of granular debris — have 
generally been washed out in the process of mounting ; the 
walls of the blood-vessels running through the affected part of 
the cord are usually much thickened, and the vessels them- 
selves, or more generally their lymphatic sheaths and the 
spaces in which they lie, are dilated ; the connective tissue cor- 
puscles or Deiter's cells are numerous and large. At the mar- 
gins of the lesion, and in some cases in the affected part of the 
cord, the axis cylinders are enlarged ; in very chronic cases 
the enlargement of the connective tissue trabeculse, the dis- 
appearance of the nerve elements, and the thickening and 
dilatation of the blood-vessels are the most notable changes. 

Mode of Onset, Symptoms, and Course. — In cases 
which are chronic from the first, the onset is, as a rule, 
extremely gradual. The first symptoms may consist of 
sensory derangements, such as numbness, ' pins and needles,' 
and occasionally, though rarely, of eccentric pains or liyper- 
a'Sthesia ; in other cases, motor symptoms, such as weakness 
in the lower extremities, difficulty in emptying the bladder, 
or obstinate constipation, are the most marked features at 
the commencement of the attack. 

The clinical picture presented by fully developed cases 
of chronic myelitis varies considerably in different cases, in 
accordance with the position and extent of the lesion. The 
most prominent S3nnptom8 are gradually increasing motor 
weakness, which ultimat(?ly becomes complete paralysis ; loss 
of sensibility, which after a time may l)ecome complete; 
constipation ; difficulty in emptying the bladder ; and, in 
some cases, paralysis of the spliincters. 
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The paralysis is generally paraplegic in distribution ; in 
fact, most cases of chronic paraplegia depend upon chronic 
myelitis, or acute myelitis which has become chronia The 
trophic condition of the paralysed muscles, the condition of 
the reflexes, and indeed the character of all the 83rmptoins, 
depend upon the exact position and extent of the lesion ; in 
many cases rigidity of the muscles and increase of the deep 
reflexes are combined with the loss of motor power ; in fact, 
chronic myelitis is by far the most common cause of spastic 
paraplegia — a circumstance which must always be kept in view 
in the diagnosis of supposed cases ot primary lateral sclerosis. 

The general health is usually well preserved, and the 
other organs and systems are, as a rule, healthy. 

In the course of time the paralysis may become complete ; 
the patient is then confined to bed; slougliing of the skin, cysti- 
tis, and complications on the part of the kidney may develop, 
or the case may end by an intercurrent attack of pneumonia or 
phthisis. Occasionally phosphatic calculi form in the bladder. 

In those cases in which the myelitis is due to compression, 
or in which tlie membranes become seriously involved in the 
inflammatory process, the clinical picture is still more com- 
plicated ; and symptoms characteristic of an extra-medullary 
lesion (see page 68) are present. 

Diagnosis. — In most cases the diagnosis of chronic myelitis 
is synonymous with the diagnosis of chronic paraplegia. The 
general plan of diagnosis has been already described (see p. 159), 
and to that description the reader is again referred ; but it will 
perhaps be necessary to mention the chief conditions which 
may give rise to difficulty. They are as follows : — 

1. The various conditions with which functional para- 
plegia is associated, viz., hysterical paraplegia (see p. 301); re- 
flex paraplegia (see p. 306) ; alcoholic paraplegia and anaemic 
paraplegia (see p. 307). 

2. Lesions of the cauda equina. 

3. Conditions which produce slow compression of the 
conl, such as disease of the bones or membranes; in these 
cases myelitis is often present as a secondary complication, and 
an exact diagnosis is not always possible, but the presence of an 
extra-medullary lesion is usually indicated by tlie symptoms 
which result from pressure on the nerve roots and membranes 
(see pages 71 and 72). 
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4. Simple softening. It is impossible, without post-mortem 
evidence, to distinguish the two conditions (paraplegia due to 
chronic myelitis, and paraplegia due to simple softening). 

5. Primary lateral sclerosis. The differential diagnosis of 
spastic paraplegia due to chronic myelitis, and primary lateral 
sclerosis is shown in the table, p. 214. 

The exact anatomical diagnosis of transverse myelitis, — 
In cases of transverse myelitis we must determine the exact 
position and vertical extent of the lesion. The following are 
the steps in the inquiry : — 

First, Ascertain the exact distribution of the sensory and 
motor derangements, and by reference to pages 89 and 90, 
and figures 96, 97, 98, and 99, determine the segments of the 
cord with which the affected sensitive and muscular areas are 
connected. In this way the upper level of the lesion is 
readily determined. 

Second, Observe the reflex and trophic conditions of the 
muscular areas of the segments of the cord, beginning at the 
upper level of the lesion and proceeding downwards. The 
vertical extent of the lesion can in this manner be ascertained, 
as will be readily understood by reference to figures 59 and 
60. (The reflexes passing through the affected segments are 
abolished, while the reflexes passing through the segments 
which are situated below the lesion are exaggerated. The 
muscles supplied by anterior nerve-roots arising from affected 
segments are markedly atrophied, but the nutrition of 
muscles supplied by motor nerves arising from segments 
below the lesion is not much interfered with. Then again, the 
presence of an acute Ixid-sore in any ' sensitive area * shows 
tliat the grey matter of the segment connected with that sen- 
sitive area, or the sensory nerve fibres proceeding to it, are 
implicated by an acute irritative lesion.) 

PrO(;xosis. — The most frequent termination is death, 
but the course is usually very protracted. Occasionally the 
mrirbid process is arrested, and the motor i)aralysis is to 
some extent recovered from ; very exceptionally the cure is 
complete. In chronic syj)hilitic myeHtis the prognosis is 
luore favourable ; most cases improve, and some completely 
re<'X)ver, though rarely after spastic synii)toins have been pro- 
minent. 
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Treatment. — ^The general plan of treatment wliich is de- 
scribed on p. 170, c^ s^g^. is to be adopted. The most useful 
drugs are iodide of potassium and mercury in syphilitic cases; 
ergot and nitrate of silver where spastic symptoms are pro- 
minent ; arsenic^ iron, quinine, ^rycknine} and phosphorus 
where there is paraplegia with flaccidity. Erb * speaks very 
favourably of a properly conducted ' water-cure/ and of elec- 
tricity. Counter-irritation to the spine, especially the actual 
cautery, is in some cases beneficial 

CEREBROSPINAL SCLEROSIS, 

Synonyms, — Multiple sclerosis ; Disseminated multiple 
sclerosis ; Insular sclerosis ; Sclerose en plaques diss^min^ 

Definition, — Cerebro-spinal sclerosis is an extremely 
chronic affection, in which degenerated patches (nodules of 
interstitial myelitis and encephalitis) are scattered throughout 
the nerve centres (brain, pons, medtdla oblongata, cerebellum, 
and spinal cord) and are also found on the peripheral nerves 
(especially the cranial nerves and the spinal nerve-roots). 

Etiology. — In many cases there is a history of trau- 
matic injury, such as a blow on the head or spine ; in some 

^ I must again caution the reader against using this drug in those cases in which 
irritative phenomena (t.g,^ spastic symptoms) are present. 

3 *• On the other hand/ says Erb, * the results of a rattonally conducted ooU- 
water ctirs are exceedingly favourable. Out of twenty-nine cases of which I have 
notes, the results of this treatment were favourable iu twenty-one, negative in five, 
and unfavourable in three. Here, too, of course, everything depends on the manner 
in which the cold water is used. I cannot insist too much on tlie danger of forced 
cures, of all severe and strongly exciting procedures, such as the employment of 
water at very low temperatures, douches, sharp slappings, etc These measures are, 
as a rule, absolutely injurious in cases of myelitis ; even wet packs of the entirB 
body have, to my surprise, generally proved injurious. Simple rubbing with wet 
cloths, foot-baths and sponging the back, hip-baths, half-baths with affusions to 
the back, local compresses to the back left on tiU they become warm, etc, seem 
to be the measures which are chiefly applicable. The treatment should always 
be begun with moderate temperatures (20-25° 0. — 68-77° F.), and we should 
never go below 16-12° G. (60}-53f° F.). 1 believe also, that excessive prolonga- 
tion of the treatment is injurious. Many over-sealoua hydropathists are only 
too often led, by their great confidence in the water cure, to prolong the treatment 
to an extent that proves detrimeutal to the patients.* — Zi»eswM»*« Cjfdopm^a^ vol. 
xiii. p. 461. 
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the symptoms seem to develop after exposure to cold and 
wet ; occasionally the condition appears as a sequel to acute 
diseases ; pregnancy also has been stated to be a cause ; in a 
few cases there is a distinct hereditary tendency, but in most 
the exact conditions which excite the afTection are obscure. 

Cerebrospinal sclerosis is essentially an affection of early 
life, generally appearing between the ages of fifteen and thirty ; 
it seems equally common in both sexes ; Charcot, it is true, 
states that women are more liable to be attacked than men, 
but his experience in this respect differs from that of Erb and 
many others; of eight cases which have come under my own 
observation, seven were males. 

Pathology arid Morbid Anaiomy, — ^Nodules or patches of 
degeneration (sclerosis) are scattered through the nerve 
centres (the brain, pons, medulla, cerebellum, and spinal cord), 
and are sometimes seen on the peripheral nerves. The 
nodules have a grey translucent appearance as they are seen 
through the membranes and on section ; on exposure to air 
they become pink in colour. 

In the spinal cord the nodtdes present the greatest differ- 
ences in distribution at different levels. For the most part, 
they are confined to the white columns, but they may involve 
the grey matter. They are usually ' indiscriminate ; ' but in 
some sections they are symmetrical; in others they very closely 
resemble secondary degenerations. 

On microscopical examination the advanced patches are seen 
to be composed of wavy bundles of connective tissue, in which 
are embedded numerous compound granule corpuscles, and in 
some places crystals, which Frommann^ thinks are composed of 
margarine. The blood vessels are dilated, their walls may be 
thickened, numerous fatty globules and compound granule 
cells are seen adhering to their outer coats. The immense 
number of compound granular corpuscles which are found in 
the degenerated patches and the infiltration of the lymphatic 
sheaths of the blood-vessels with oil globules, is a highly 
characteristic feature of the lesion, and is not, as some obser- 
vers have suggested, due to the method of preparation ; it 
can l)e most beautifully seen in perfectly fresh specimens 
immediately after they have been removed from the Ixxly. 

> UnterffQchaDgen Qber die GewebBverSDderungeii bei der mulUpleD SkleroM 
de* Gehinu and Rttckennuirks. Leipzig, 187H, I'af. ii., fig. 14. 
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In the fully developed patches the nerve elements may 
have entirely disappeared. 

In the less advanced patches, and at the junction of the 
lesion with the healthy tissue, the connective tissue trabeculse 
are increased, the connective tissue corpuscles (Deiters* cells) 
are large and prominent ; the nerve tubes are being gradually 
surrounded by the connective tissue growth ; their axis-cylin- 
der processes are here and there hypertrophied. 

As the lesion advances, the nerve tubes become destroyed; 
but even in the midst of the sclerotic tissue, axis-cylinders 
can usually still be seen. 

The following figures (144 to 156 inclusive) show the 
appearances of the cord lesion in a case which I had under 
observation for several years, and are quite typical The 
following is a brief account of the case : — 

A. B., a chemical worker, »t 28, was admitted to the Newcastle- 
on-Tyne Infinnary under my care, on September lOth, 1874, complain- 
ing of difficulty in walking, loss of power in the lower extremities, 
pain in the back, and giddiness. 

His illness had commenced six years previously, and was apparently 
due to a severe blow on the back of the head. He had been a very 
heavy drinker. 

He was a very large muscular man. There was no apparent loss of 
motor power. His movements were decidedly unsteady; the inco- 
ordination was, however, quite different from the inco-ordination of 
locomotor ataxia ; it was, so to speak, of a *• coarser ^ kind, and involved 
the muscles of the trunk rather than the muscles of the lower extre- 
mities. In walking, the neck was held stiff, the head turned slightly to 
one side, and the eyes raised from the ground On close observation, 
a fine jerking, rhythmical movement of the head could be observed. 
There was also occasional nystagmus. 

His memory was defective; he was very irritable and easily excited. 
He complained every now and again of double vision, but nothing ab- 
normal could be detected in connection with the muscles of the eyeball, 
or with the fundus. 

The speech had undergone a marked alteration during the past six 
months, and at the time of his admission, was thick and drawling. Pain 
in the back was at this time a prominent symptom; it was referred to 
the lower dorsal region, and the patient complained of tenderness on 
percussion over the same part. 

There were (at that time) no other positive symptoms worthy of 
note. 

On December Sd, 1874, he was discharged in statu quo. 

From the time of his discharge until the date of his death, which 
took place in January 1881, I had frequent opportunities of visiting 
him in conjunction with my friend Dr Crease ot South Shields. The 
progress of the case was steadily from bad to worse. The symptoms 
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became highly characteriHtic, and confirmed in every particular the 
classical description which Professor Charcot has given us of the 
disease. My s^ace will not, however, permit me to detail them now. 

Onset, Symptoms, and Course. — The onset is, as a rule, 
extremely slow and gradual ; occasionally the symptoms 
develop somewhat abruptly. In one of my own cases, for 
example, the affection commenced suddenly with deafness 
and ' noise in the head,' after exposure to a hot sun. 

As we might expect from the extremely irregular dis- 
tribution of the lesion, the symptoms are multifarious, in fact, 
as Charcot states, the affection is a polymorphous one.^ Both 
cerebral and spinal symptoms are usually present; but in 
some cases the lesion is, for a time at least, chiefly limited to 
the intra-cranial nerve centres, and the symptoms are for the 
most part cerebral ; in others the spinal cord is chiefly or (?) 
exclusively involved, and spinal symptoms are most pro- 
minent. In the following account I shall not limit myself 
entirely to the spinal symptoms, but shall describe the 
more important features of the cerebro-spinal variety of the 
disease. 

In some cases, the first symptoms are spinal, and consist 
of some derangement of the motor nerve apparatus, which is 
manifested externally in the form of motor impairment 
^paresis) or inco-ordination (ataxia). Tlie loss of motor 
I)ower very generally commences in one leg, and subse- 
quently extends to the other, or to the arms. In others, the 
first symptoms are cerebral, such as headache, vertigo, deaf- 
ness, or some psychical derangement 

These symptoms slowly increase, and a characteristic 
symptom is soon developed, viz., a rhythmical, jerking tremor, 
which only occurs on voluntary effort, and which ceases when 
the parts are at perfect rest. In consequence of this jerking 
tremor, movements are rendered extremely unsteady, though 
their main direction is still preser\'ed. Tlie tremor may occur 
in any of the muscles, but it is generally more marked in 
some parts than in others. Charcot 8upiK)8es, and with his 
opinion I entirely agree, that it is due to irregular con- 
duction through axis cylinders, which are lying naked in 

> Id some cases the Utdon may for a time be chiefly coofioed to the posterior 
eolnmos of the cord, and symptoms very closely resembling or identiral with those 
of locomotor ataxia may be present; tn others, the lateral columns are chiefly 
invaded, and the ordinary form of spastic paraplegia is simuhted. 
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the midst of the sclerosed tissue, but some authorities have 
suggested that it results from the presence of sclerotic 
nodules in some special parts of the brain (the pons, and the 
parts of the brain anterior to it). When the patient is 
quietly seated there may be nothing noticeable, or the only 
peculiarity which close observation can detect is a slight 
rhythmical jerking of the head. In well-marked cases any 
voluntary effort at once develops the characteristic tremor, and 
the more intense the effort the greater does the tremor become; 
it may be exquisitely demonstrated by making the patient 
raise a glass of water to his lips, the main direction of the 
movement is preserved, and the glass reaches the lips, but it 
is forcibly jerked against the teeth, and the contents are thrown 
over the patient's face and neck. Some patients attempt 
to * dodge ' the tremor {i.e. to reduce the amplitude of the 
jerking movements of the head and arm) by throwing the 
head back and fixing it as it were between the shoulders, 
and by holding the arm and forearm firmly to the side, 
but even then their efforts are unsuccessful, and the water is 
spilt. 

The jerking tremor in the muscles of the legs and trunk pro- 
duces marked unsteadiness in the gait. In the earliest periods 
of the case the unsteadiness may be extremely trifling, and 
the only alterations which can be detected in many cases are 
a certain stiffness in the way in which the neck is carried, and 
a slight jerking of the head. When the disease is more ad- 
vanced, the gait is extremely unsteady ; in some cases it re- 
sembles that of locomotor ataxia, in others the inco-ordination 
chiefly affects the muscles of the trunk, and the patient does 
not walk deliberately in a straight line (as the subject of 
locomotor ataxia does) but is apt to shoot forcibly from side 
to side; in other cases again the feet seem to cling to the 
ground, and the spastic gait is conjoined with a rhytlunical, 
shaking tremor of the whole body. A jerking movement of 
the eyeballs (nystagmus) occurs in many cases, and is a very 
characteristic symptom. 

The affected muscles are of normal bulk, and their electrical 
reactions are healthy. The reflexes are, as a rule, normal or 
exaggerated.^ The bowels are generally constipated, but the 
functions of the bladder are seldom interfered with, till a 

1 Exceptions to all of these statements may occur, for the lemon may inrade 
any part of the transverse section of any spinal segment. 
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much later stage. The sensory functions are not much 
affected at this period of the case ; as a rule, subjective de- 
rangements of sensation, such as ' pins and needles/ numb- 
ness, etc., are experienced by the patient, but distinct 
objective anaesthesia cannot be demonstrated. The general 
state of nutrition is well preserved, and complications on the 
part of the other systems and organs are rarely present 

The symptoms gradually increase, but periods of temporary 
improvement, or even complete remission, are not uncommon, 
and may lead an inexperienced observer to expect a favourable 
termination of the case. After the condition has become well 
established, the facial expression becomes vacant, stolid, and 
stupid-looldng, and a peculiar alteration in the voice is very 
generally observed, the speech is slow and drawling, every 
syllable being pronounced separately {scanning speech); the 
tone of voice, too, is singularly monotonous, towards the end of 
the case it may be weak and whispering. The cerebral symp- 
toms become more prominent, the headache and vertigo may 
continue; the mentcd faculties are decidedly blunted; in many 
cases the patient becomes irritable, and loses his self-control ; 
and actual mental derangement is occasionally observed. 
Dimness of vision is very frequent, in some cases it is only 
apparent, depending upon nystagmus, in others, it is real, 
and is associated with white atrophy of the optic discs or 
alteration of the central parts of the visual nerve apparatus. 
Tlie pupils may be irregular, in some cases they are 'pin 
pointed,' but the Argyll Robertson phenomenon (see p. 228) is 
not observed except as an accidental complication. In a 
small proportion of cases, apoplectiform attacks, characterised 
by complete insensibility, quick pulse and elevation of tem- 
perature, occur ; the patient may die in the attack, but as a 
rule, the coma disappears in the course of a day or two, 
leaving beliind it hemiplegia, which in its turn is quickly re- 
covered from. These symptoms, which characterise the first 
stage of the disease, slowly but steadily increase, and in the 
course of time (two to six years) tiie second stage is reached. 

Symptoms of the second stage, — The patient can no longer 
stand or walk, but is confined to bed or to his chair. The 
paralysis is sometimes complete ; in many cases the legs are 
rigidly extended, the deep reflexes markedly increased, and 
the condition exactly resembles an advanced stage of spastic 
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paraplegia. The tremor, too, becomes markedly intensified, 
and attempts at voluntaiy movement not only cause an 
increase of the rigidity and spasms, but may produce a 
violent clonic movement in the muscles, causing a forcible 
shaking of the whole body. The mental deterioration 
becomes much greater, the speech still more scanning, 
monotonous, and weak. The general state of nutrition for 
a time continues good. 

Syrrvptoms of the third stage, — In the course of a few years 
the third stage is reached. The general state of nutrition is 
now affected, and the patient becomes emaciated ; the mental 
deterioration becomes greater; the paralysed muscles may 
become profoundly atrophied ; bulbar symptoms, paralysis of 
the bladder, cystitis and bed-sores may develop. Ultimately 
he dies either from simple exhaustion, pyaemia, cystitis, bed- 
sores, paralysis of the respiratory muscles, or some inter- 
current complication. 

The average duration of the whole case is from eight to 
ten years ; some cases linger on for fifteen or twenty years ; 
occasionally the course is rapid, and death occurs witliin three 
years of the onset of the disease. 

Diagnosis. — In fully developed and typical cases the diag- 
nosis presents no difficulty; the gradual onset, and slow 
progress of the symptoms with perhaps periods of improve- 
ment ; the presence of both spinal and cerebral symptoms, 
'effpecially the pectdiar tremor ; the marked character of the 
motor derangements; the comparative insignificance of the 
sensory disturbances ; the vertigo ; the alterations in speech, 
and in the mental condition, constitute a striking picture 
which it is impossible to mistake. But in the early stages 
and in those rare cases in which the symptoms are exclusively 
spinal or exclusively cerebral, it may be difficult or impos- 
sible to diagnose the condition. 

The affections which are most liable to be mistaken for 
cerebro-spinal sclerosis are: — cerebellar tumour, locomotor 
ataxia, and paralysis agitans. 

The differential diagnosis of cerebrospinal sclerosis and 
cerebellar tumour, — In both conditions there may l)e head- 
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ache, giddiness, and disordered gait from weakness or inco- 
ordination of the muscles of the trunk. In those cases of 
cerebro-spinal sclerosis in which the characteristic tremor 
is absent or slightly marked, the differential diagnosis may be 
extremely difficult The chief points of distinction are : — 

1. Ilie condition of the optic discs, — Optic neuritis or 
optic atrophy is present in most cases of cerebellar tumour ; 
both conditions are rare and only late symptoms in cerebro- 
spinal sclerosis. 

2. Vomiting. — This is usually a prominent symptom of 
cerebellar tumour, but not of cerebro-spinal sclerosis. 

3. Headacht. — ^This is usually much more severe in cere- 
bellar tumour than in cerebro-spinal sclerosis. 

4. The presence of the characteristic tremor, — This is a very 
strong point in favour of cerebro-spinal sclerosis ; a similar 
tremor is occasionally seen in tumours of the cerebellum, and 
is, I believe, due to interrupted conduction through the motor 
strands of the medulla oblongata which are pressed upon by 
the cerebellar growtL 

5. Convulsive seizures, — In many cases of cerebellar tumours, 
tonic spasms chiefly affecting the muscles of the back, or epi- 
leptiform convidsions are observed; they are quite exceptional 
in cerebro-spinal sclerosis. 

6. The age of the paiient, — Cerebro-spinal sclerosis is 
not so frequently seen in children as cerebellar tumour. 

7. The course of the disease, — Cerebellar tumours, as a rule, 
run a much more rapid and continuously progressive course 
than cases of cerebro-spinal sclerosis. 

When the scanning speech, the monotony of the voice, 
the heavy stolid expression, and the volitional tremor have 
become prominent, the difficulties of diagnosis are, to a large 
extent, cleared up. 

The differential diagnosis of cerebrospinal sclerosis and 
locomotor ataxia, — In some cases of cerebro-spinal sclerosis, 
the lesion is chiefly confined to the posterior columns of the 
cord, and many of the symptoms of locomotor ataxia, includ- 
ing the lightning pains and characteristic gait are present; 
the diagnosis may then be difficult or impossible. But such 
a distribution of the lesion is rare, and the distinction can 
generally be made by attention to the following points : — 

1. Age, — Locomotor ataxia is seldom seen before thirty ; 
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cerebro-spinal sclerosis is most frequently met with, between 
twenty and thirty. 

2. Sex, — Locomotor ataxia is much more frequent in males 
than in females ; cerebro-spinal sclerosis occurs probably with 
equal frequency in the two sexes. 

3. The condition of the sensory n^rve apparatus. — ^Lightning 
pains, and anaesthesia, are prominent features in locomotor 
ataxia, but are seldom noticeable in cerebro-spinal sclerosis.^ 

4. The presence of Tootor paralysis. — ^Paresis and paralysis 
do not occur until the terminal stage of locomotor atauda, 
but are usually early symptoms in cerebro-spinal sclerosis. 

5. Hie characteristic volitional tremor. — This symptom is 
distinctive of cerebro-spinal sclerosis, for it does not occur 
in locomotor ataxia. 

6. The condition of the reflexes. — ^The knee-jerk and the 
pupil reflex to light are absent in the great majority of cases 
of locomotor ataxia, but are usually present in cerebro-spinal 
sclerosis. 

7. Nystagmus. — ^This symptom, which is common in cere- 
bro-spinal sclerosis, is seldom if ever met with in locomotor 
ataxia. 

8. The condition of the mental faculties and of speech. — 
The mental condition and speech are not interfered with in 
locomotor ataxia, and in that condition, vertigo, which is 
almost always present in cerebro-spinal sclerosis, does not 
occur. 

The differential diagnosis of cerebro-spincU sclerosis, and 
paralysis avians, presents no difficulty in typical cases, but 
there are cases in which the two conditions seem combined. 
The points of distinction are ; — 

1. The character of the tremor. — (a) The tremor of cerebro- 
spinal sclerosis only occurs on voluntary movement, and 
ceases when the muscles are at rest ; the tremor of para- 
lysis agitans occurs while the muscles are at rest, and is 
usually diminished or arrested by volitional efiforts. (6) The 
tremor of paralysis agitans is a finer tremor than that of 
cerebro-spinal sclerosis, (c) The tremor of paralysis agitans 
i-arely, if ever, affects the head; in cerebro-spinal sclerosis the 
head is almost invariably involved. 

1 When a patch of sclerosis inyades the poatero-extenial column, these qrmp- 
turns may, of course, be present. 
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2. Age, — Paralysis agitans is a disease of advanced age ; 
while cerebro-spinal sclerosis is a disease of youtL 

3. The associated symptoms, — In cerebro-spinal sclerosis 
other symptoms (cerebral and spinal) are present, and confirm 
the diagnosis. 

Under the term of pseudo-sclerosis, Westphall has recorded 
two cases in which many of the symptoms of cerebro-spinal 
sclerosis were present during life, but in which the character- 
istic lesions of cerebro-spinal sclerosis were not found at the 
autopsy. ' In one case a careful examination failed to reveal 
any cerebro-spinal lesion, in the other the cerebral pia mater 
was somewhat oedematous, the convolutions small, and the 
white matter of very linn consistency ; but there was not any 
sclerosis in the ordinary acception of the term '* 

Prognosis. — The prognosis is extremely unfavourable, the 
condition sooner or later terminates fatally. 

Treatment. — ^The treatment must be mainly directed to 
the relief of symptoms, for all remedies which have been 
administered, up to the present time, have failed to arrest 
the progress of the disease. Nitrate of silver, arsenic, iodide 
of potassium, the constant (galvanic) current and hydropathy 
should be tried in turn, even though the results of treatment 
appear to be discouraging. 



INTRAMEDULLARY Hj€,MORRHAGEy AND 
INTRAMEDULLARY TUMOURS. 

These subjects will be more conveniently described in 
connection with extra-medullary haemorrhage and extra- 
medullary tumours (see pages 288 and 293). 

1 For th« original paper see Archir f, Ptjfck, Bd. ziv. p. 87. An abstract U 
givra la Brain, Oct. 18SS, p. 414. 
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TABULAR CLASSIFICATION OF EXTRA-MEDULLARY 

LESIONS. 

C Leptomenin- f Acuta 
xf • /J St^tis. \ Chronic. 

^^ I Pach^menin- ( Externa. 

I giiis, '\ T«f^^o f Haemorrhagica. 

^ y ^ I^^™^ { Hypertrophica. 

Extra-medullary Haenwrrhage. 
Extra-medullary Tumours. 



SPINAL MENINGITIS. 

Inflammation of the spinal membranes may be either acute 
or chronic, general or local. In some cases the pia mater and 
arachnoid are chiefly affected ; in others the inflammatoiy 
process is for the most part limited to the dura. Inflamma- 
tion of the spinal pia and arachnoid is technically termed 
leptomeningitis spinalis; inflammation of the spinal dura is 
called pachymeningitis spinalis. Leptomeningitis spinalis 
may be either acute or chronic ; pachymeningitis spinalis is 
almost invariably chronic and local. It will be necessary, 
therefore, to consider these varieties separately. 

LEPTOMENINGITIS SPINALIS. 

Inflammation of the spinal pia and arachnoid is much 
more frequent than inflammation of the spinal dura, and it is 
the condition which is usually meant by the term spinal 
meningitis. 

ACUTE LEPTOMENINGITIS SPINALIS. 

Acute inflammation of the pia and arachnoid is almost 
always general, and is usually associated with a similar con- 
dition (inflammation) of the cerebral membranes ; while in 
many cases the periphery of the cord is affected by the inflam- 
matory process. The clinical picture is, therefore, in most 
cases a complicated one. 



^STIOLOGY AND MORBID ANATOMY. 271 

^Etiology. — ^Acute inflammation of the pia and arachnoid 
is much more common during childhood and youth than during 
the later period of life. Its most frequent cause is (probably) 
exposure to cold and wet ; in many cases it is tubercular ; and 
it not unfrequently results from extension to the membranes 
of the cord, of an inflammation which has commenced- in the 
cerebral meninges. In some cases it is due to traumatic in- 
juries (blows on the spine, etc.), and in fact all the conditions 
which have previously been mentioned as causes of myelitis 
(see p. 239), may give rise to it. Violent cerebro-spiniJ men- 
ingitis sometimes results from the bursting of an abscess into 
the cavity of the cranium, or into the spinal canal ; and a very 
acute form of the disease which is seldom met with in this 
country, is probably due to the introduction into the system 
of a ' particulate/ organic poison, and is termed epidemic 
cerebro-spinal meningitis.^ 

Morbid Anatomy. — The inflammatory process commences 
with a stage of congestion and hyper«emia, which is seldom seen 
post-martenif for the disease is rarely fatal until a later period. 

During the first stage of the inflammatory process the 
vascularity of the membranes is very much increased ; the 
vessels are gorged with blood ; small extravasations of blood 
sometimes occur; the arachnoid loses its normal, smooth 
appearance, and becomes velvety and swollen; the spinal 
fluid is slightly turbid. 

The duration of this stage is probably very short, 
and the second stage, that of exudation, is soon developed. 
The pia mater and arachnoid are more swollen, and are covered 
with exudation matters, consisting of fibrinous lymph, leuco- 
cytes, or pus ; the spinal fluid is more turbid, and contains 
flakes of lymph and other exudation products ; in some cases 
it consists chiefly of pus. The exudation matters are gener- 
ally more abundant on the j)osterior surface of the cord, for 
the jmtient usually lies on his back, and the exudation 
jiroducts gravitate to the most dependent point. In tuber- 
cular cases miliary nodules may be seen in large numbers on 
the surface of the inflamed membranes, more particularly on 
the surface of the pia (see fig. 157). The peripheral layer of 



I Since the first editiou of this work wm publinbed the organism U«f been 
aciuAlly demonetnted. 
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the cord is very generally implicated by the inflammatory 
process (see figs. 157 and 158), — ^a fact wliich is not to be 
wondered at, when we remember that the pia is the nutritive 
membrane of the cord, and that from it numerous processes 
of connective tissue and blood-vessels pass into the interior 
of the organ. The nerve roots are often also involved. In 
severe cases death generally takes place during the second 
stage of the disease. 

Should the third stage be reached, the exudation matters 
are absorbed, the inflammatory products tend to organise, and 
adhesions may be formed between the opposed surfaces of 
the inflamed parts. 

Onset, Symptoms, and Course. — Premonitory symptoms, 
such as headache, irritability of temper, vomiting, slight fe- 
brile disturbance, etc., are sometimes observed, but in many 
cases the disease is suddenly ushered in by a rigor or con- 
vulsion. 

The pyrexia is, as a rule, considerable, and the general 
symptoms which are associated with rapid elevation of 
temperature, such as quick pulse, heat of skin, thirst, etc, 
are present. When the inflammatory process affects the 
membranes of the brain aa well as those of the spinal cord, 
cerebral symptoms, consisting of headache, vomiting, intoler- 
ance of light and noise, contracted pupils, epileptiform con- 
vulsions, etc., are the prominent symptoms at the commence- 
ment of the case, and it may be some hours or days before 
the characteristic spinal symptoms are developed. 

The great feature of the spinal symptoms is, that they 
are indicative of an * irritating * rather than a ' destroying ' 
lesion. 

Pain in the back, which is increased by the slightest move- 
ment of the patient, but not usually aggravated by percussion 
or pressure on tlie spine, and which depends upon irritation 
of the sensory nerve filaments in the pia and dura, is one of 
the most marked symptoms. 

Shooting pains and hypercestJiesia in the sensitive areas of 
the posterior nerve roots, together with spasms and rigidity of 
the miiscles supplied by anterior nerve roots, which are irritated 
by the inflammatory process, are also highly characteristic. 
In consequence of the muscular spasm the spine is stiff 
and rigid ; in some cases, the head is drawn back so that 
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the occiput is thrust, as it were, between the shoulders ; in 
others, the spine is so strongly arched that a condition of 
opisthotonos is produced; in others again, the thighs are 
firmly flexed on the abdomen, and the legs on the tiiighs — 
a position which is, however, much more frequent in chronic 
than in acute cases. Temporary exacerbations of the spasms 
every now and again occur, and tlie retraction of the head 
and arching of the spine are thereby aggravated. In conse- 
quence of the retraction of the head and neck, and the extreme 
tension of the anterior muscles of the neck (stemo-thyroid, 
sterno-hyoid, and thyro-hyoid), the larynx may be firmly 
pressed against the spinal column, and difficulty in breathing 
attended by a marked stridor, and difficulty in swallowing, 
mav be obsierved. 

In the earlier periods of the case, there is no paralysis, 
but the patient instinctively lies as quiet as possible, for he 
knows by experience that any effort on his part, or any ex- 
ternal irritation will be attended by pain and an increase in 
the spasms. 

During the irritative period, retention of urine is occa- 
sionally observed ; in some cases it results from spasm of the 
sphincter vesicae ; in others it is due to paralysis of the de- 
trusor. The bowels are, in most cases, obstinately constipated. 

As the case progresses, symptoms indicative of sensory 
and motor impairment are gradually established, and should 
the case continue sufficiently long, complete paralysis and 
anaesthesia, paralysis of the sphincters, and bed-sores, may be 
developed. 

The reflex irritability is increased during the stage of 
irritation, but afterwarcLs becomes diminished or abolished. 
When the inflammatory process affects the cervical region, 
severe dyspnoea, the result of spasm or paralysis of the respira- 
tory muscles, may be a prominent symptom. 

The fever is of an irregular type ; the temperature may 
reach 104** F., but is generally below that point. Emaciation 
rapidly takes place, and in severe cases the patient is soon 
worn out by sleeplessness and the intensity of his sufferings. 

When the inflammation involves the cerebral meninges, 
the characteristic symptoms of cerebral meningitis are, of 
course, present In those cases in which the morbid pro- 
cess is limited to the membranes of the spinal cord, cerebral 
symptoms are wanting, and the mind may l)e quite clear 
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until the end. When the cord itself is seriously implicated, 
the paralytic symptoms are more prominent^ and the other 
symptoms which characterise acute myeUtis are present 

The duration varies considerably in different cases; in 
purulent meningitis, — the result of the bursting of an 
abscess into the brain or spinal canal, — and in severe cases of 
the epidemic variety of the disease, death may take place 
within two or three days, or even within a few hours from 
the commencement of the attack. In tubercular and traumatic 
cases the progress is, as a rule, more tardy, and not unfre- 
quently the condition becomes chronic. In acute cases, death 
may result from spasm or paralysis of the respiratory muscles, 
or it may be due to cerebral complications. In chronic cases, 
the patient dies from gradual exhaustion, from bed-sores or 
cystitis, or from respiratory or other complications. 

Dlignosis. — An acute onset, fever, pain in the back, shoot- 
ing pains in the limbs, hyperaesthesia, motor spasms, rigidity of 
the spinal column, and increased reflex excitability are char- 
acteristic of acute spinal meningitis. The only conditions 
which are Ukely to be mistaken for the affection are myelitis 
and tetanus. 

The differential dia^ffnasis of spinal meningitis and myelitis 
has already been considered. (See page 251.) 

The points of differential distinction ietween acute spinal 
meningitis and tetanus are given in the table on the opposite 
page. 

Progxosis. — Acute spinal meningitis is an extremely 
serious affection, and in many cases it proves fatal In 
rheumatic and syphilitic cases the prognosis is more favour- 
able than in the other varieties of the disease. During 
the progress of the case, periods of amelioration are not 
uncommon, but as a rule the improvement is only temporary. 
In those cases in which the inflammatory process is limited to 
the membranes of the cord, the prognosis is more favourable 
than in cases in which the cerebral membranes are also 
affected. Dyspnoea, the result of spasm or paralysis of the 
respiratory muscles, is an extremely unfavourable symptom. 
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Cause. 



Acute Spinal If eningitia. 
Often indbtinci. 



Derangements Pain in the back, shooting 



OF Sensibility. 



Spasms. 



Reflex 
Ibritability. 



{>ain8 in the limbs, and 
lyperflBsthesia, are pro- 
minent symptoms. 

Opisthotonos may be pre- 
sent, but the tonic spasms 
are never so prominent as 
in tetanns. Trismus and 
the risus scurdonicuM are 
not observed. 



The reflexes arc increased, 
but not to an extreme 
degree. 



Cerebral r^,.^ «,^a««* 
Complications. ^'*^ P'^"*' 



Tetanus. 

In traumatic tetanus there is 
a history or the presence of 
a wound. 

There are no sensory de- 
rangements.' 



Tonic convulgiotu occurring in 
paroxysms, and afFectmg 
almost all the muscles of 
the body, are characteristic 
Trismus occnrs at the com- 
mencement of the attack ; 
the risus sardonicus is a 
marked feature. 

An extraordinary increase 
of the reflexes occnrs. 



Are not usually observed. 



Treatment. — In the earlier stages the antiphlogistic 
treatment which has been recommended for acute myelitis 
(see page 252) is to be adopted ; and the pain and spasm 
are to be allayed by morphia, chloral, and bromide of 
potassium. Great attention must be paid to the feeding and 
nursing of the patient, and the condition of the bladder and 
rectum must be carefully attended to. 

In those cases in which the acute symptoms subside 
and in which the chronic stage is reached, mild counter- 
irritants, such as iodine and small blisters, may be applied 
to the spinal column, and the iodide of potassium should 
l>e given internally. At this stage of the disease, an im- 
pr>rtant part of the treatment consists in the prevention of 
l)e<l-sores and other complications ; special attention must of 
ermrse l>e directed to the paralysis which is often present 
The same means, which have been previously recommended 
for the treatment of the paralysis in chronic myelitis, are to 
1)6 employed (see page 200) ; but it is important to rememlwr 
that electricity should not be used until all signs of meningeal 
irritation have disappeared. 

> Paring the violent tetanic spasms of strychnine poisoning I have known the 
pAtient cry ont with pain in the ligaments and joiutis, but severe sensory distnrb- 
aaoei of this description are not, so far as I am aware, observed in ordinary tetanus. 
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CHRONIC LEPTOMENINGITIS SPINALIS. 

In some cases inflammation of the pia and arachnoid 
is chronic from the outset, but in otliers a chronic lepto- 
meningitis results from a previous acute attack. 

-Etiology. — The same causes which produce acute lepto- 
meningitis spinalis may give rise to the chronic form of the 
disease; but exposure to cold and wet, traumatic injuries, 
syphilis, extra-medullary lesions such as extra- medullary 
tumours, and intra -medullary lesions which extend to the 
surface of the cord and then implicate the membranes, are the 
most common causes of the condition. 

Pathological Anatomy. — Where the condition has re- 
sulted from a previous acute attack, an extensive area of the 
membranes may be involved, but in the majority of cases the 
inflammatory process is limited in its distribution. The intense 
hyperaemia, which characterises acute inflammation of the 
membranes, is not observed, but the blood-vessels are dilated 
and their walls thickened ; the spinal fluid is generally turbid 
and increased in quantity. The most characteristic post- 
mortem appearances consist in opacities and thickenings of 
the membranes, and in the presence of adhesions which bind 
together the opposed surfaces of the inflamed parts; the pia is 
thickened and firmly adherent to the cord ; the connective 
tissue septa passing into the cord are thickened, and in 
many cases a peripheral myelitis or peripheral sclerosis of the 
spinal cord can be demonstrated ; in some cases, the cord 
lesions are still more extensive. The ner\'e roots may be 
compressed by the thickened membranes, and they are some- 
times distinctly softened or atrophied. 

Onset, Symitoms, and Course. — Tlie onset is extremely 
gradual, and unattended by fever; an exception of course 
occurs in those cases in which an acute inflammation has 
become chronic. Pain in the back, shooting pains and hyper- 
testhesia in the sensitive areas of the posterior roots pass- 
ing through the affected portion of the membranes, are usually 
well-marked, but in consequence of the more limited distri- 
bution of the inflammation, these symptoms are more 
localised than in the acute form of the disease. Mus- 
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cular spasms and rigidity are much less prominent than in 
the acute variety; while motor weakness, which gradually 
increases and ultimately may become complete paralysis, is 
usually an early symptom ; the paresis and muscular spasms 
are, like the sensory phenomena, generally limited in dis- 
tribution. In the earlier stages, the muscular nutrition and 
reflex activity are not much interfered with, but towanls the 
later periods of the case the muscles, which are supplied by 
compressed and atrophied anterior nerve roots, may be mark- 
edly wasted, while their reflexes are diminished or completely 
abolished. The functions of the bladder and rectum are 
seldom interfered with, except in those cases in which the 
nerves, arising from the lower end of the cord, are implicated 
by the lesion. 

The description, which has just been given of the 
symptoms of chronic meningitis, applies to the cases in which 
the inflammatory process is chiefly limited to the membranes; 
when, as so frequently happens, the cord itself is also aflected, 
symptoms of chronic myelitis will also be present. 

Diagnosis. — Locomotor ataxia, chronic myelitis, and 
' spinal irritation,' are the conditions which are most likely to 
be mistaken for chronic spinal meningitis. 

Hie differential diagnosis of chronic meningitis and loco- 
motor atojna. — Some of the symptoms of locomotor ataxia 
may possibly l)e due to the chronic inflammation of the 
membranes, which in cases of long standing is usually found 
over the posterior surface of the cord ; it is however in its 
earlier stages that locomotor ataxia is most likely to be mis- 
taken for chronic meningitis. In locomotor ataxia the menin- 
gitis is practically limited to the posterior surface of the cord, 
the anterior roots are not involved, and symptoms of motor 
irritation and paralysis are not obser\'ed ; the lightning pains 
are, as a rule, much more severe than in chronic myelitis, 
while eye-symptoms (see page 230) are usually present The 
absence of the knee-jerk is strongly in favour of locomotor 
ataxia. When the characteristic inco-ordination is developed, 
the diagnosis no longer presents any diWiculty. 

The differential diagnosis of chronic meningitis and chronic 
myelitis, — An uncomplicated case of chronic meningitis is 
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distinguished from an uncomplicated case of chronic myelitis 
by attention to the same points which have been already 
referred to, in speaking of the differential diagnosis of acute 
meningitis and acute myelitis (see page 251). In some cases 
a sharp distinction is impossible, for the two conditions are 
not unfrequently combined. 

The differential diagnosis of chronic meningitis and ' spitvd 
irritation,* — In some cases the distinction is difficult. ' Spinal 
irritation ' occurs chiefly in young women, and is very fre- 
quently accompanied by symptoms of hysteria ; its charac- 
teristic features are (a) pain in the ba^k, usually between the 
scapulae, but not unfrequently in the lower dorsal or lumbar 
regions ; (6) marked hypercesthesia, the slightest touch on the 
skin producing loud complaints of pain and suflFering; (c) shoot- 
ing pains in different parts of the body. Marked anaesthesia, 
motor weakness or even complete loss of motor power are 
sometimes present, but there is no evidence of organic disease 
in the cord or the affected muscles; the disproportion be- 
tween the subjective and objective symptoms, and the fact 
that marked fluctuations in the intensity of the symptoms 
occur, are highly characteristic features. The points of dif- 
ferential distinction between the two conditions are shown in 
the table on the opposite page. 

Prognosis. — The prognosis is uncertain ; in most cases 
the condition is tedious and difficult to cure; the opinion 
must be chiefly guided by the cause of the attack, its severity, 
the presence or absence of organic changes in the spinal coid, 
and the general condition of the patient. 

Treatment. — The same measures which have been recom- 
mended for the treatment of acute myelitis after the acute 
symptoms have subsided (see page 253), are to be adopted. 

PACHYMENINGITIS SPINALIS. 

Inflammation, commencing in and chiefly confined to the 
dura mater, is usually Limited in distribution, and is very 
generally chronic. In some cases, the osseous surface of the 
membrane and the connective tissue network, which lies be- 
tween the dura and the bones of the vertebral canal, are chiefly 
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The differential diagnosis of chronic meningitis and spinal 

irritation. 



AoE Aia> Sbx. 



Mode or Onset. 



HtPEK«8TBE8IA over 

THE Spine. 

Stiffness of the Spine. 

Chabacter and Course 
OF THE Symptoms. 



Ohronic Meningitii. 

May occnr in either sex, 
but most common in 
yonng males. 

Usually Tery gradual; 
may follow an acute 
attack, the onset is 
then ushered in by 
fever. 

Seldom Tery prominent 

Usually present. 

The pains, spasms, etc., 
are localised and do 
not vary much in their 
distribution and in- 
tensity. Symptoms 
indicative of organic 
disease, such as lo- 
cal muscular atrophy, 
may be present. 



Spinal Irritation. 

Occurs almost exclusively 
in young females. 

May be gradual, but 
often sudden, the onset 
is not then attended by 
fever. 



A very marked and cha- 
racteristic feature. 



m 
in- 



Other Signs of 
Hysteria. 



Very seldom observed, 
and then only as acci- 
dental complications. 
The mental condition 
is natural. 



Does not occur. 

Marked fluctuations 
the character and 
tensity of the symp- 
toms usually occur ; 
and there is a striking 
contrast between the 
severity of the subjec- 
tive symptoms and the 
objective appearances. 
There are no signs of 
organic disease of the 
cord. 

Common; psychical al- 
terations, such as occur 
in hysteria, are fre- 
quent. 



Uterine and Ovarian 
Functions. 



Usually quite normal. Often deranged. 



involved ; in others, the inner surface of the membrane is 
most affected ; the terms pachymeningitis externa and pachy- 
meningitis interna have been given to these two conditions 
respectively. 

PACHYMENINGITIS EXTERNA. 

Inflammation, commencing in the outer surface of the dura 
mater, and in the connective tissue which lies between the 
dura and the bones of the spinal column, is a secondary con- 
dition which results from disease of .the vertebrae or some 
other external source of irritation, such as an abscess or deep 
bed-sore. The inflammatory process, which is very generally 
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chronic and limited in distribution, extends to the inner 
surface of the dura, and in some cases invades the arachnoid 
and pia. The most characteristic pathological feature is the 
extensive exudation; the aft'ected portion of the dura is 
enormously thickened; the nerve roots passing through it, 
and the cord itself, are compressed by the exudation pro- 
ducts. Localised pain in the back is generally present, but 
the most characteristic symptoms are those which result 
from irritation and compression of the anterior and posterior 
nerve roots (hyperaesthesia and muscular spasms, ansesthesia, 
paralysis, muscular atrophy, and absence of the reflexes in 
limited areas of the body); and from slow compression of tJie 
cord (impairment of motion and sensation below the level 
of the lesion),^ together with the symptoms of the primary 
lesion (Pott's disease of the vertebra*, etc.). 

Diagnosis. — The condition has to be distinguished from 
other fonns of meningitis, and from the other conditions which 
may cause slow compression of the cord ; in many cases the 
diagnosis resolves itself into the diagnosis of Pott's disease of 
the vertebrae, for that is by far the most frequent cause of the 
condition which we are now considering. 

Prognosis. — The prognosis depends upon the nature of 
the primary affection, and upon the condition of the cord 
itself when tlie patient comes under observation. 

Treatment. — Tlie objects of treatment are: — 

1. To remove and cure the primary affection. Where 
there is Pott's disease of the vertebne, the a])propriate treat- 
ment for that condition must be adopted. 

2. To promote absorption of the inflammatory products, 
and to relieve the cord from the compression to which it is 
subjected. To carry out this indication, counter irritation by 
blisters, iodine, or the actual cautery ; the internal administra- 
tion of iodide of potassium; and the application of a weak 
constant cuiTent to tlie spine at the seat of the lesion, are the 
chief means which it is advisable to employ. Where the 
inflammation of tlie membranes is secondary to injuries or 
disease of tlie IxMies, and w^here there is any reason to suppose 
that the compression of the cord is due to displacement of the 

1 See also Chapter II., [). C9, tt ttq. 
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vertebrae, extension by means of weights or Sayre's jacket, 
should be employed. 

3. To allay the chronic myelitis which follows the com- 
pression of the cord. To carry out this indication, the 
measures which have teen recommended for the treatment of 
chronic myelitis are to be adopted. (See page 260.) 

PACHYMENINGITIS INTERNA Hi*:M0RRHAGICA. 

^Etiology and Pathology. — This condition is almost 
invariably associated with a similar affection of the cerebral 
dura mater. In fatal cases, the internal surface of the mem- 
brane is seen to be covered by a thick layer of soft exudation 
matters which are partly organised, and in which numerous 
thin walled vessels are found ; the exudation which may be 
limited in distribution, or scattered over an extensive surface 
of the dura, is usually of a rusty red or brown colour, 
owing to the presence of extra vasated blood ; fresh blood may 
be present in the meshes of the exudation, or on the surface of 
the cord ; and large cysts containing clots of blood in various 
stages of absorption, are not uncommon. The condition, like 
hiematoma of the dura mater is usually seen in persons suffer- 
ing from general paralysis of the insane. Excess in alcohol 
is thought by some to produce it, and a traumatic form has 
also l)een described. 

Symptoms. — The symptoms are usually complicated with 
tliose of ha^matoma of the cerebml dura. The spinal symp- 
toms are those of a chronic and ill-defined meningitis, such as 
pains in the back, stiffness in the spine, slight indications of 
motor and sensory irritation, and of motor and sensory impair- 
ment. It is important to remember that sudden extravasation 
of blood, from the thin walled vessels in the inflammatory' 
exudation, may occur; and that symptoms characteristic of 
meningeal hiwnorrhage may l)e develoj)ed in consequence. 

Diagnosis. — The condition sliould be susi)ected when 
symptoms of chnmic meningitis are associated with the 
syinptoms of cerebral hiematoma; if, in addition, sudden 
exacerbations of the spinal symptoms every now and again 
occur, a diagnosis of pachymeningitis interna hsemorrhagica 
may be ventured upon. 
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PACHYMENINGirrS ISTEENA HYPEKTROPHICA. 

This condition is a chronic inflammation of the inner 
surface of the dura, the great characteristic of which is the 
enormous thickening and production of cicatricial fibrous 
tissue which take place The affection has been described by 
Professor Charcot under the name oi pachyminingiie certieaU 
hypertropkique. The morbid process affects the cervical 
region of the membranea, and usualJ; extends in a ring 
round the cord ; the arachnoid and pia become involved, as 
shown in figure 159 ; the nerve roots arising from the cord at 
the seat of the brain are first irritated and then destroyed, 
and the cord itself is subjected to slow compression. 




Tronnerit Mtctitm of lAt ctmicat eulorgrmtiil of lie ipiHol coni id a oan 0/ 
Bgptrlnphic Cervical PaciifnuiiiiHgUU. (.'fJUr Jofrag.) 
A, Hyperlrapbied dun mttar. B, Nerre roots tnveniDg ths thickened 
meDiDge*. C, Fik mater confoiiDded with the dura milcr. E, Section of two 
udbI* newly ezuv>t«d la the grey ■ubitence. 

Charcot divides the affection into : — (1) a stage of irrita- 
tion, which usually lasta for two or three months ; (2) a stage 
of paralysis and atrophy. 

First stage. — The symptoms of the first stage, which are 
due to irritation of the anterior and posterior nerve roots as 
they pass through the affected portion of the membranes, 
consist of shooting pains, severe in cliaracter, and referred 
to the sensitive areas of the affected roots (back of the neck, 



Bhoulders, anna, or upper part of the tliorax) ; hjpersesthesia ; 
muscular twitchings and spasms in the muscles supplied by 
the irritated anterior nerve roots (rigidity of the neck, upper 
parts of the spine, or muscles of the upper extremities); 
together with symptoms of slight sensory and motor impair- 
ment. Trophic disturbances in the skin (herpetic eruptions, 
etc) are also sometimes seen. 

Second stage. — The symptoms characteristic of the first 
stage slowly increase, and the second stage is reached ; it is 
ch^acterised by euiiestbesia, paralysis, and atrophy in the 
sensitive and muscular areas of the compressed nerve roots ; 
the faradic excitability of the muscles supplied by the com- 
pressed motor nerve roots is slowly abolished, and character- 
istic contractures and deformities occur. 

When the lesion involves the nerve roots arising from 
the lower end of the cervical enlargement, the muscles 
supplied by the ulnar and median nerves are chiefly 
aRected, and the hand assumes the position shown in fig. 
160. 

When the lesion is situated higher up, the muscles sup- 
plied by the musculo-spiral nerve are chiefly paralysed, and 
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tlie hand assumes the position ahown in fig. 161 ; this was the 
condition in a case quoted by I)r Ross.' which was under the 
care of Dr Leech, 




Fia. IGl.—rjlr putUion of lit luud in PaAyneniigitit Cmiealu Hgi/rrtivfirko, 
afftctiiiji Ikr upper part o/fAe crrnco/ tnJur^nKat {AfItT Ratt.') 



Transverse myelitis at the sent of the compression, and 
secondary descending degeneration below the lesion, gradually 
develop, and a condition of spastic paraplegia, together with 
the sensory disturbances and other ayniptoma which have 
been described as characteristic of a transverse myelitis (see 
p. 00), slowly supen-enes. 

The duration of the case is always long; in some cases, 
the termination is in death, which may residt from some 
intercurrent complications, or from cystitis, bed-sores, etc; in 
others, the morbid process is arrested, the paralysis and 
rigidity in the lower extremities may become less, but the 
contractures and deformities of the upper limits, in the grvat 
majority of cases, remain. 

Diagnosis.— The condition may at first sight be mistaken 
for amyotrophic lateral ikJerom or progressiie mtiscvUir atrophy. 

The differential diagnmifi of paehymtningitis eervicaiis 
hypertrophica and anij/otrophic lateral sclerosis. — The motor 
symptoms (rigidity ami atrophy in the upper extn>mities> 
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resemble very closely the motor symptoms which characterise 
amyotrophic lateral sclerosis, but the two affections are at 
once distinguished by the facts : — 

(1) That in pachymeningitis cer\'icalis hypertrophica, 
symptoms of sensory irritation (severe pains and h}'per- 
sestliesia) are prominent features in the first stage, while they 
do not occur in amyotrophic lateral sclerosis. 

(2) That in amyotrophic lateral sclerosis the muscles of 
the lower extremities, after being for a time rigid, undergo 
atrophy, whereas in pachymeningitis cervicalis hypertrophica, 
atrophy in the muscles of the lower limbs does not occur. 

(3) That the course of amyotrophic lateral sclerosis is 
much more acute, and that the termination is invariably in 
death, the fatal result being very generaUy due to extension 
of the lesion to the medulla; whereas in pachymeningitis 
cervicaliB hypertrophica the progress is always slow, an in- 
complete recovery is not uncommon, and the morbid process 
rarely, if ever, invades the medulla oblongata. (See also 
table, p. 286.) 

Tlve differential diagnosis of pachymeiiingitis cervicalis 
hypertrophica and progressive muscular airophy. — In the second 
stage, the condition may, at first sight, be mistaken for pro- 
gressive muscular atrophy, but it is at once distinguished : — 

(1) By the pronounced sensory disturbances. 

(2) By the fact that the atrophy is preceded by a stage of 
rigidity and tension. 

(3) By the spastic parapl^ia of the lower extremities. 

The well-marked symptoms of sensory and motor irritation 
in the sensitive and muscular areas of certain nerve roots, 
together with the symptoms and signs of transverse myelitis, 
show conclusively, that the lesion is ejctra-medullary. 

It is not always easy to make tiie next step in the 
diagnosis, ve, to determine the pathological character of the 
lesion, for it may be difficult or impossible to decide whether 
the symptoms are due to— (a) Pott's disease of the vertebrae 
and associated pachymeningitis externa ; (6) extra-medullary 
tumours arising from the bones or membranes ; or {c) pachy- 
meningitis cervicalis hypertrophica In attempting to decide 
this question, attention must be directed to the following 
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pointB: — 1. The condition of the spinal column. 2. The 
age of the patient 3. The condition of the temperature. 
4 The presence of lesions in other organs, indicative of 
scrofula, cancer, etc 



The points of differential distinction 
lowing table. 



are given in the f ol- 
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Treatment. — The same treatment, which has been recom- 
mended for pachymeningitis externa (see p. 280), particularly 
counter-irritation at the seat of the lesion, and the internal 
administration of iodide of potassium, is to be adopted. 

INTRA- AND EXTRA-MEDULLARY HEMORRHAGE. 

Blood is occasionally, though very rarely, extravasated into 
the substance of the cord, or into thft spinal membranes ; the 
former condition may be termed intra-mediiUary, the latter 
extra-medullary hiemorrhage. 

INTRA-MEDULLARY HAEMORRHAGE, 

Syiwnym, — spinal apoplexy. 

Etiology and rATHOLOGY. — The great causes of intra- 
medullary haemorrhage are (1) alterations in the vascular 
walls, which weaken their resistance and (2) increased blood 
pressure. In some cases the haemorrhage occurs independ- 
ently of any previous cord lesion ; but in many the extra- 
vasation is, as it were, an accidental complication occurring 
in the course of some other morbid condition. Extravasa- 
tions of the latter description are not uncommon in acute 
haemorrhagic myelitis (see fig. 133), and blood is occasionally 
poured out from the thin-wsdled and dilated vessels of a soft 
gliomatous tumour. Haemorrhage into the substance of the 
cord is probably sometimes due to traumatic violence, such as 
a direct blow on the spine, or a fall on the feet.^ The condi- 
tion may occur at any period of life, but is most frequent 
between the ages of ten and twenty. In this respect spinal 
apoplexy differs very markedly from cerebral haemorrhage, 
which is much more frequent in old people ; the earlier 
occurrence of spinal apoplexy is probably explained by the 
fact, that in many cases the bleeding is not the primary con- 
dition, but is an accidental event occurring in the course of 
some other morbid process. The amount of blood which is 
extravasated is usually small, the clot seldom being larger 
than an almond. The bleeding is almost always confined to 
the central grey matter. The blood ploughs up and destroys 
the nerve structures, and the function of the aflTected part is 

1 The most nevere external violence may however be applied to the spioal 
column without any lesiuu of the cord or ittt uiembraoeB beiup produced. 
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immediately interrupted ; should the patient survive for a 
sufficiently long period, inflammatory changes occur in the 
neighbourliood of the clot, and secondai-y degenemtions are 
established. 

Onset, Symptoms, and Course. — In some cases, the extra- 
vasation takes place rapidly, and the patient is struck down 
with immediate paralysis of a paraplegic type ; severe pains in 
the back may be experienced at the time of onset, but there 
is no loss of consciousness. In other cases, the blood is poured 
out graduaUy, and it may be some hours before the paralysis 
becomes fully developed. The motor, sensory, reflex, vesical, 
rectal, and other derangements are identical with those which 
result from an acut« transverse myelitis, in fact a large 
haemorrhage into the substance of the cord is a typical example 
of an acute, total transverse lesion. (See page 60.) 

Diagnosis. — Ha?morrhage into the substance of the cord 
is readily distinguished from cerebral haemorrhage by the fact 
that there is no disturbance of the cerebral functions, and 
by the paraplegic distribution of the paralysis. The only 
conditions with which it is at all likely to be confounded are 
polio-myelitis anterior acuta, acute myelitis, and extra- 
iiiedullary haemorrhage. 

Tke differential diagnosis of intra-nieduUary ticemarrhaye, 
and polio-myelitis anterior acuta presents no difficulty ; the 
chief points of distinction are given in the table on the next 
page. 

The differential diagnosis of intra-medullary lutmorrhage 
and acute myelitis has already been considered. (See page 
252.) 

Tlu differential diagnosis of Intra- and Extra-medullary 
hannorrhage should not present any great difficulty. The 
important fact to remember in distinguishing the two con- 
ditions is, that in intra-medullary haanorrhage (as in acute 
myelitis), symptoms of motor and sensory imjmirment pre- 
dominate; whereas in ej:tra-medullary ha'inorrhage (as in 
acute meningitis), symptoms of motor and sensory irritation 
are relatively much more marked. The chief points of dia- 

t 
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Table shmoing the differential diagnosis of IrUra-Mednllary 
Hcemorrlmge and Polio-myelitis Anterior Acuta, 



Intm-Medollary 
HaBinorrhage. 

Onset. Always very rapid, may 
be instantaneous ; it is 
not accomiMinied by 
fever. 

CoKDiTiON OF Often acate pains in the 
Sensation. back at the time of on- 
set ; anaesthesia which 
may be total, below the 
lesion, follows. 

Condition of Often paralysed ; when the 

THE 

Bladder and 
Rectum. 



hsemorrhage involves 
the reflex centres, par- 
alysis of the sphincters, 
ammoniac4il urine, and 
cystitis are developed. 



Trophic 
Alterations Large bed-sores frequent. 
IN the Skin. 

The Condition Only those paralysed 

OF THE Para- muscles which are con- 

LYSED Muscles, nected with the grey 

matter which is de- 
stroyed by the lesion 
undergo rapid atrophy, 
and present the reac- 
tion of degeneration. 
The muscles connected 
with inferior segments 
are often paralysed, but 
do not undergo rapid 
atrophy. 

Termination. Often fatal. 



Polio-MyelitiB Anterior 
Acuta. 

It is aooompanied by fever, 
which may, however, escape 
observation ; never instan- 
taneous. 

No sensory derangement. 



Normal. 



No trophic alterations in the 
skin. 



All the paralysed mnscles un- 
dergo rapid atrophy, and pre- 
sent the reaction of degen- 
eration. 



Very rarely fatal. 



tiuction between intra- and extra-medullary haemorrhage are 
given in the table on the opposite page. 

Prognosis. — The prognosis depends upon the size and 
position of the clot ; other things being equal, a large clot is 
much more serious than a small one ; a hiemorrhage into the 
upper cervical region is rapidly fatal owing to the respiratorj- 
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Table showing the differential diagnosis of Intra- and Extra- 
Medullary Haemorrhage, 

Intxm-medullary HaBmorrhAge. Extra-mednUAry Hmnorrhage. 

Pam in the back may occur at the on- Paing in the back, shooting-pains in 
set, but soon disappears; shooting the limbs, and hypenesthesia are 
pains in the limbs and byperaesthesia strongly marked, and generally con- 
are not prominent, or do not occur. tinue for some time. 

Muscular cramps and spasms may oc~ Muscular cramps, fpasms, and rigidity 
cur at the very commencement. are very prominent features ; para- 
Profound paralysis and anaesthesia lysis and anaesthesia are seldom very 
are very rapidly developed. marked, and appear Ute. 

Paralrsis of the sphincters, ammoni- The functions of the bladder and rec- 

acail urine, and cystitis; or obstinate tum are not seriously interfered 

retention and constipation are very with, until, at all events, the later 

frequent. stages of severe cases. 

Trophic derangements of the skin pro- Bed-sores do not occur, 
dudng large bed-sores are common. 

The affection is veir serious ; it often The affection is much less serious ; it 
proves fatal; and recovery is always is probably often recovered from; 
moomplete. the cure may be complete. 

paralysis which it produces ; a haemorrhage into the lum- 
bar region of the cord, which almost of necessity produces 
paralysis of the sphincters, is more serious than a haemor- 
rhage into the dorsal region; cases in which large bed- 
sores are quickly developed almost invariably prove fataL 

Treatment. — In the earlier stages we must endeavour to 
arrest the bleeding. The usual plan of treatment for any 
internal haemorrhage is to be adopted. Tlie patient should 
be placed in the prone position, perfect rest should be 
enjoined, ice bags applied over the spinal column, and full 
doses of ergotine given subcutaneously. In practice it is 
seldom possible to carry out this method of treatment suffi- 
ciently early to produce any decided effect upon the haemor- 
rhage itself, in most r;ases, the damage is already done before 
the case comes under observation ; in some cases, it is 
}>o6sible to mitigate the after effects by reducing and keeping 
in check the inflammatory changes which follow the haemor- 
rhage. The subsequent treatment of the case is the same as 
the treatment of acute myelitis. (See page 2T)2,) 



292 EXTKA-MEDULLARY H.«MORKHAGE. 

EXTRA MEDULLARY HEMORRHAGE. 

Synonym. — spinal meningeal haemorrhage. 

Etiology and Pathology. — Effusion of blood into the 
spinal membranes is, like intra-meduUary haemorrhage, rare. 
The conditions which give rise to it are: — (a) traumatic in- 
juries, such as blows on the spine or \dolent concussions;^ 
(h) pachymeningitis haemorrhagica ; (c) the rupture of aneur- 
isms of the thoracic or abdominal aorta into the spinal canal ; 
{d) purpura, scurvy, and other conditions in which a strong 
tendency to haemorrhage exists ; and finally {e) the extra- 
vasation of blood into the cranial cavity ; in some cases of 
this description the blood finds its way into the spinal canaL 

In some cases the blood is poured out between the dura and 
the bones of the vertebral canal ; in others between the dura 
and the arachnoid. The amount of blood varies considerably 
in different cases ; it is sometimes sufficiently copious to en- 
velop the whole cord or dura ; the blood may be partly fluid, 
but is generally clotted and dark coloured. In fig. 162, a 
section through the spinal cord and its membranes in a case 
of extra-medullary haemorrhage is shown. 

Onset, Symptoms, and Course. — The extravasation may 
occur instantaneously, and the symptoms are then suddenly 
developed ; in some cases the effusion is more gradual. When 
the extravasation is large the initial symptoms are usually 
characteristic, and indicative of severe meningeal irritation, 
viz., pain in the back, shooting-pains in tlie limbs or trunk, 
muscular cramps, twitchings, spasms, and rigidity. Some 
symptoms of motor and sensory impairment are usually 
present, but the paralysis and anaesthesia are seldom great. 
The stage of reaction may be attended witli some febrile 
disturbance. 

Prognosis. — The prognosis is much more favourable than 
in the intra-meduUary variety ; in many cases the symptoms 
gradually abate, and the patient may eventually get quite 
well. A lai'ge haemorrhage into the upper part of the spinal 
canal may prove immediately fatal. Where the haemorrhage 

1 It must be remembered tbat in miiiiy cases in wliich extreme violence \b 
apph'ed to the spiuftl column, there is no )iiemorrlm|re either on the surface or into 
the substance of the curd. 
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is sufficiently copious to compress the cord, myelitis may be 
developed, and death may result from exhaustion, bed-sores, 
or cystitis. 

Diagnosis. — The diagnosis of a well-marked case should 
present no difficulty. The characteristic features are the 
sudden occurrence of symptoms of meningeal irritation and 
the absence of fever at the commencement of the attack. 

A spinal meningeal haemorrhage is at once distinguished 
from an irUra-cranial hcemorr/iage by the fact that the symp- 
toms are entirely spinal. 

Acute meningitis resembles meningeal haemorrhage, inas- 
much as symptoms of spinal irritation are rapidly developed 
in both conditions ; the distinctive points are : — (a) that in 
meningeal haemorrhage the onset is usually much more rapid 
than in acute meningitis, — it may be instantaneous ; and 
(b) that meningeal haemorrhage is not ushered in by fever. 

The points of differential importance between meningeal 
haemorrhage and hcemorrhage into the substance of the cixrd, 
have already been considered. (See page 291.) 

Treatment. — In the earlier stages the treatment recom- 
mended for the arrest of an intra-meduUary haemorrhage (see 
page 291) is to be adopted. Subsequently the case is to 
be treated as a case of acute meningitis. (See page 275.) 

INTHA'MEDrLLARY AND EXTRA-MEDULLARY TUMOURS. 

New formations rarely originate in the cord itself, but they 
not unfrequently spring from the Ixmes and membranes. 

IXTRA-MEDULLARV TUMOURS. 

Morbid Anatomy. — Gliomata, tul>ercular nodules, glio- 
sarcomata, and sy])hilitic gummata have been found in the 
substance of the cord; they are usuaUy of small size, but 
' elongated tumours which have streti'hed, in various degrees 
of thickness, througliout the whole cord, from the conus 
meduUaris to the medulla oblongata ' have lH»en met with. — 
(Erb.) In tig. 16.S, a section tlirougli the lunilwir enlarge- 
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raent of the spinal cord, an extensive portion of which was 
destroyed by a tubercular tumour, is shown. 

Intra-meduUary tumours are usually solitar}'. They may 
invade any part of the transverse section, but they originate 
much more frequently in the grey than in the white matter. 
The gliomatous tumour is said to occur most frequently in 
the cervical, while the tubercular tumour is more apt to 
invade the lumbar enlargement. — (Hayem.) 

-Etiology. — ^A blow on the spine or other injury seems 
occasionally to be the exciting cause, but in many cases the 
aetiology is obscure. 

Onset, Symptoms and Course. — In some cases the symp- 
toms develop very gradually, in others paraplegia is somewhat 
suddenly produced. These diflferences in the mode of onset 
depend upon the rapidity of growth of the tumour and the 
effects it produces upon the nervous structures. A tumour 
which is growing slowly may for a time simply displace the 
nerve elements, and cause atrophy of the parts in its im- 
mediate neighbourhood ; in such cases the condition is either 
latent, or the symptoms are ill-defined, and consist of slight 
and localised derangements of motion or sensation, localised 
muscular atrophy, etc. Sooner or later in the case of tumours 
of slow growth, and at an early period in the history of 
tumours which develop rapidly, inflammatory changes are 
established in the neighbourhood of the tumour, and the con- 
dition of matters then practically corresponds to a focal or 
transverse myelitis, the symptoms of which are described on 
page 60. In some cases, blood is extravasated from the 
vessels of a soft glioma, and the symptoms of spinal apoplexy 
(see page 288) are developed. 

The exact character of the symptoms depends therefore 
upon the position of the tumour, its size, the rapidity of its 
growth, and especially upon the nature of the secondary 
changes in the substance of the cord (compression, atrophy, 
myelitis) which it produces. 

When more than one tumour is present the symptoms are 
of course much more complicated. 

Diagnosis. — The diagnosis is attended with extreme uncer- 
tainty. A long premonitory stage of ill-defined symptoms, 
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followed by indications of compression of the cord, trans- 
verse myelitis, or spinal apoplexy, should suggest the pre- 
sence of an intra-meduUary tumour, but a positive opinion 
can seldom be given. 

Prognosis. — The prognosis depends upon the pathological 
nature of the tumour ;^ in syphilitic cases recovery, which is 
usually incomplete (some paralysis remaining), is probably 
not uncommon; tubercular tumours are perhaps sometimes 
recovered from, but in the great majority of (non-syphilitic) 
cases the termination is fatal. 

Treatment. — Iodide of potassium should first be given 
if this fails, arsenic may be prescribed ; in tubercular cases 
cod-liver oil, lacto-phosphate of lime, and general tonics 
should be administered. 



extra-medullary tumours. 

Morbid Anatomy. — Tumours springing from the bones, 
membranes, or nerve roots, are more common than new form- 
ations of intra-medullary origin. The following are the chief 
varieties which have been met with; inflammatory forma- 
tions, cancers, and sarcomatous growths, arising from the 
bones; sarcomatous, scrofulous, fibrous, myxomatous, syphi- 
litic, fatty, cartilaginous growths, and hydatid cysts, springing 
from the membranes ;* sarcomatous, myxomatous, gliomatous, 
and fibrous tumours, springing from tlie nerve roots. Extra- 
medullary tumours are usually localised, and in most cases 
solitary, though occasionaUy, as in a case figured by Lance- 
reaux,' numerous separate nodules have been found. 

JEnoiOGY. — It is seldom that a distinct cause for the con- 
dition can be ascertained ; in some cases, there is a liistory of 
traumatic injury to the spine ; and, in the case of cancerous 
sarcomatous, and scrofulous tumours, tlie extra-medullar}* 

> In many cmmb the exact pathological nature of 'tbe legion is a mere matter 
of conjecture. 

> Calcareone plates, which can hardly be called tumours, for they are of mnall 
size and do not produce symptoms, and are therefore of pathological rather thau 
of clinical interest, are sometimes seen in the arachnoid. 

' Aila^ o/Patkoloffyf trau slated by Greenfield, plate 45, fig. 3. 
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growth may be secondary to similar disease in some other 
part of the body. 

Onset, Symptoms, and Course.— The characteristic symp- 
toms of extra-medullary tumours result from irritation of 
the membranes and pressure upon the nerve roots ; and in 
contrasting extra-medullary and intra-meduUary growths, 
the same general principle which was insisted upon in 
treating of intra-medullary and extra-medullary inflamma- 
tions (myelitis and meningitis) must be kept in view, viz., 
that i7i/7'a-medullary growths give rise chiefly to symptoms 
of motor and sensory impairment, while the character- 
istic symptoms of ea:<ra-meduUary growths are irritative in 
character. 

The Jirst stage, which is usually long, not unfrequeutly 
lasting for years, is generally characterised by localised pain 
in the back, and shooting pains, hyperaesthesia, slight sen- 
sory and motor impairment, in the districts of the nerve 
roots which are compressed by the tumour. The exact 
distribution of these symptoms depends upon the position of 
the tumour and the number of nerve roots which are affected 
by it ; in some cases the nerve roots of one side only are in- 
volved, and the symptoms are unilateral in their distribution. 
Occasionally the symptoms of the first stage are indicative of 
pressure on the cord rather than of irritation of the mem- 
branes and nerve roots. 

The> second stage. After the primary stage has lasted for a 
longer or a shorter period, the cord itself becomes compressed, 
and other symptoms, which have been described on page 69, 
are added. Here again the character and distribution of the 
symptoms depend upon the position of the tumour and it* 
relationship to the different columns of the cord ; where the 
compression affects the cervical enlargement, as is seen to be 
the case in the lithograph (fig. 164), all four extremities may 
be paralysed ; where the tumour is situated l)elow the cervical 
enlargement, tlie upper extremities of course escai)e ; a tumour 
which compresses one side of the cord produces the symptoms 
of a unilateral lesion (see page 63); in some cases the pressure 
chioflv affects the anterior surfa(»e of the cord, and the chief 
symptoms are motor ; in others the posterior columns are 
most implicated, and sensory derangements are prominent, 
(.'ouipressiou of the con! ultimately produces inflammator;* 
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softening, or sclerosis ; the whole transverse section of the 
cord at the seat of compression may be disorganised (see fig. 
165), Secondary ascending and descending degenerations of 
course follow. (See fig. 166). The myelitis is sometimes 
developed with extreme rapidity, and sudden paraplegia may 
thus be produced. Tlie exact nature of the symptoms in the 
second stage will be more easily understood by .referring to 
the description which has been previously given of slow com- 
pression of the cord, transverse myelitis, and secondary de- 
scending degeneration. 

After the second stage is reached the case usually pro- 
gresses more rapidly, and the patient may die from bed-sores, 
cystitis, paralysis of the muscles of respiration, lung com- 
plications, or any of the other conditions which give rise to 
death in cases of myelitis. Where the tumour involves the 
dorsal region of the cord, cystitis and bed-sores are seldom 
present, and the patient may live for a considerable time 
after the paraplegia has been developed; but in the vast 
majority of cases the termination is fatal. 

Diagnosis. — The diagnosis is sometimes easy, but often 
uncertain or impossible. Symptoms of meningeal and nerve- 
root irritation (viz., pain in the back, and irritative sensor}' 
and motor phenomena in certain nerve districts), together 
with symptoms of compression of the cord, demonstrate the 
presence of an extra-medullary lesion ; and we may conclude 
with considerable probability tliat the lesion is a tumour, 
when : — 

(1.) The symptoms have developed slowly, and are not 
attended with fever. 

(2.) The lesion appears to be of limited vertical extent. 

(3.) There is no evidence of Pott s disease of the spine, 
and no history of a dislocation or fracture of the vertebra?. 

When in addition to this evidence the presence of a can- 
cerous, scrofulous, hydatid, or syphilitic growth can be demon- 
strated in some other part of the body, the diagnosis of extra- 
medullary tumour may lie made with more certainty. 

Thf positum of Ute tumour and its vertical ejient are to be 
ascertained by observing — 

1. The exact distribution of the irritative phenomena 
which result from pressure upon the anterior and posterior 
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nerve roots. The particular nerve roots wliieh are implicated 
can in this manner be ascertained. 

2. The condition of the reflexes and the trophic condition 
of the muscles. 

3. In the case of a unilateral lesion of the cord {e.g. a 
tumour pressing upon one side of the cord), the position and 
vertical extent of the anaesthetic band on the same side as 
the lesion. (See fig. 62.) 

4. The exact position of the pain in the back. The pain 
which results from pressure on the membranes, or from cancer 
of the vertebrae, may be strictly localised, and so may afford 
corroborative evidence as to the exact position of the tumour. 
Again a local alteration of the spinal columns, such as the 
presence of an external tumour or thickening of the bones, 
may indicate the position of the internal tumour. It is 
important to remember that the spinal cord terminates at 
the lower border of the first lumbar vertebra ; and that the 
greater number of the spinal nerves leave the spinal canal 
considerably below their attachment to the cord. Hence a 
tumour sprkigiug from the bones or membranes, say a tumour 
of the twelfth dorsal vertebra, will not compress the segment 
of the cord from which the twelfth dorsal nerve arises, but 
the segments corresponding to the second, third, and fourth 
lumbar nerves. So again, a tumour springing from the third 
lumbar vertebra will not press upon the cord at all, but will 
only involve the nerve roots of the cauda equina. (See page 
14 and fig. 24.) 

The pathological character of the tumour is to be deter- 
mined by observing — 

1. The presence of associated diseased conditions which 
are likely to give a clew to the nature of the lesion. The 
presence, for example, of malignant disease in the liver or 
some other part of the body would be a sufficient reason 
for supposing the intra-spinal tumour to be malignant 
too. 

2. The constitutional peculiarities and tendencies of the 
individual. 

3. The family history — a strong hereditary history of 
cancer in the absence of any direct evidence would suggest 
a malignant growth. 

4. The effect of treatment. In a supposed syphilitic 
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case, rapid improvement under iodide of potassium and mer- 
cury would confirm the diagnosis. 

Treatment. — The same measures which have been recom- 
mended for the treatment of intra-medvilary tumours are to be 
adopted, and the possibility of removing the growth con- 
sidered. The operation is not as yet a recognised plan of 
treatment. This is partly owing to the uncertainty of diag- 
nosis, and partly to the serious nature of the operation. The 
difficulties in diagnosis are disappearing, and, thanks to 
antiseptic surgery, we can now undertake operations which 
were formerly unjustifiable. I would advise an operation in 
any case in which the symptoms were urgent ; in which the 
diagnosis clearly indicated the presence of a tumour; in 
which there was no evidence of malignant disease ; in which 
the exact position of the growth could be localised ; and in 
which a vigorous anti-syphilitic treatment had failed to 
produce beneficial results. 

THB FUNOnONAIi DBRANGEMENTS OF THB 

SPINAIj OOBD. 

Functional derangements of the spinal cord are of fre- 
quent occurrence in practice ; and since they more or less 
closely simulate the derangements which result from disease, 
their diagnosis may be attended with considerable difficulty. 

In some cases, it is the motor; in others, the sensory 
functions which are deranged; in others again, both the 
motor and sensory functions are involved. Hysterical para- 
plegia ; paraplegia depending upon idea ; malarial paraplegia ; 
ancemic parplegia ; and the condition which has been termed 
euradhenia gjrinalis, are the more important affections in 
which the motor functions are chiefly deranged ; while in 
spinal irritation the sensory functions are implicated. 

It is of the first importance to remember that, in many of 
the cases included under this group, the derangement of 
function is not limited to the spinal cord, but involves the 
higher ner\'e centres ; indeed in many of the cases of so- 
called functional derangement of the spinal cord it is the 
cerebral rather than the spinal centres which are 2yrimarilg 
alfavU, A clear appreciation of this fact is of the greatest 
importance in treatment. 



300 HYSTERICAL PARAPLEGIA. 

Hysterical Paraplegia. 

Definition, — Loss of power in the lower extremities, 
occumsg in hysterical persons, and resulting from functional 
and not from organic changes in the nerve apparatus. 

^Etiology. — Hysterical paraplegia is essentially a disease 
of the female ; it occurs more particularly during the period 
of menstrual activity {i.e, usually between the ages of fifteen 
and forty-five), and is much more common in young than in 
middle aged women.^ 

Onset, Symptoms, and Course. — The mode of onset varies, 
in some cases, the loss of power is slowly and gradually 
develo})ed ; in others, motor power is quickly, indeed some- 
times suddenly, established. 

The condition of the affected muscles. — There is nothing 
distinctive in the condition of the paralysed muscles. In 
some cases, the loss of motion is incomplete ; in others, 
all motor power is abolished. The paralysed muscles are 
sometimes flaccid ; in other cases they are rigid, the re- 
flexes exaggerated, the ankle clonus present, and the con- 
dition exactly resembles the spastic paraplegia, which results 
from organic disease. Where the paralysis is of long dura- 
tion, the muscles may become wasted, but there is never 
local atropliy. The * reaction of degeneration ' is never 
present. 

The condition of the sensory functions. — Sensory disturb- 
ances are usually present. All forms of skin sensibility may 
be abolished. In some cases, there is complete insensibility 
to pain, but sensibility to touch and temperature remains: 
Dr Drummond thinks this condition is distinctive of hysteria. 
In others, again, there is hyperaesthesia. According to 
Duchenne, paralysis, with abolition of the muscular sensi- 
bility, is characteristic of hysteria. This opinion is, however, 
disputed by some recent writers. 

The condition of the bladder and rectum. — The sphincters 
are never completely paralysed, but retention of urine is 
comm(m : spasmodic incontinence may also occur. After a ' fit' 

1 Pnmple^iM aud other furms of hysterical piralysitt are sometiinefi met with in 
women who have pahsed the middle a^; but iu cases of this deecriptioD the 
pNralysis hiiRtisDally been of long duration, and has roninieuoed during (be period 
oi menstrual activity. 
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or emotional disturbance, tlie evacuation of large quantities 
of limpid urine, of low specific gravity, is frequently observed. 

Bed sores are never present. 

The general condition of the patient. — Other symptoms 
and signs of hysteria, such, for example, as the fax^es hysterica 
described by Todd, are usually present. There is not unfre ■ 
quently some disturbance of the uterine or ovarian functions. 

Diagnosis. — The diagnosis is often attended with con- 
siderable difficulty, and cases are every now^ and again met 
with in which serious organic disease (myelitis and polio- 
myelitis anterior acuta for example) is said to be hysterical. 
Mistakes of this description are often due to the fact that 
serious organic disease is frequently associated with the gene- 
ral symptoms and signs of hysteria ; it is in fact essential to 
remember that all cases of paraplegia occurring in hysterical 
patients are not necessarily functional, i.e. hysterical; the 
presence of hysteria, or a history of hysterical fits, is only 
cortoborative evidence, and the (positive) diagnosis of hysteri- 
cal paraplegia should never be given unless the observer has, 
after the most careful examination, failed to detect the signs 
and symptoms of organic disease. 

Prognosis. — The prognosis in uncomplicated cases of 
hysterical paraplegia is eminently favourable ; the disease has 
no tendency to destroy or shorten life, and the condition can 
almost always be cured by judicious and well directed treat- 
ment. 

Treatment. — It is essential in the fii-st place to assui*e the 
patient in the most positive terms that there is no organic 
disease, and to impress her with the idea that there is no 
reason why she should not immediately get perfectly well. 
But in order to speak with such confidence, it is essential, as 
Dr Buzzard has so well pointed out, to feel absolutely sure 
of the diagnosis. Ever}' one who has had any experience in 
the management of cases of this description will thoroughly 
endorse his statement *you cannot cure' (I would prefer to 
say you cannot be certain of curing) * a case of hysteria so 
long as you have any serious doubts about its nature.*' 

Before, therefore, the physician can form an opinion as to 

1 DUeattM oftht Xerpout System, p 91. 
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the prognosis, or enter with confidence upon the treatment of a 
case of hysterical paraplegia, it is essential to make a careful 
and systematic examination of all the different systems and 
organs, including, of course, the pelvic viscera. 

In those cases in which the paraplegia is incomplete, and 
the patient is able to stand and walk, however, imperfectly 
(and in cases of this description the muscles are very often 
flaccid and there is no evidence whatever of spinal disease), 
she must be urged to walk at once. With firmness, combined 
at the same time with judicious kindness and sympathy, the 
physician, who feels sure of his diagnosis, and who will take 
the trouble to see that his patient does walk, and to superin- 
tend her first few attempts at out-door exercise, will, as a 
rule, speedily obtain in cases of this description very satis- 
factory results. The patient should first be made to walk 
across the bed-room, and in order that the movements of the 
legs may be clearly perceived it is usually advisable to make 
her walk bare-footed and in her night dress ; she must be 
convinced that she can move her limbs with perfect freedom 
and walk perfectly welL She should then be made to walk 
out of doors ; and each day a walk of a given distance, which 
daily becomes longer, but which is never too much to over- 
tax her powers, should be ordered ; the physician should not 
be satisfied unless the daily task is satisfactorily accomplished. 
The application of the faradic current is often in these cases 
(and indeed in all forms of hysterical paralysis) eminently 
beneficial. The general health must at the same time be 
maintained in the best possible state of efficiency, the con- 
dition of the bowels regulated ; a simple tonic may also be 
prescribed. 

It is also of the greatest importance to impress the 
patients relatives and friends with the absolute necessity of 
treating her like an ordinary healthy individual ; injudicious 
sympathy in cases of this description is most hurtful; tlie 
friends must be made to realise the necessity of aUo^ong the 
patient to do everything for herself 

In severe and long continued cases, it is often impossible 
to cure the patient so long as she is surrounded by sympathis- 
ing relatives ; and it is in cases of this description tliat Dr 
Weir MitchelFs plan of treatment^ by seclusion, rest, massage, 
electricity and full feeding, is often so eminently beneficial 

1 Distates oftht Xerpout S^ttem, p. 217. 
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In those cases of hysterical paraplegia, in which the limbs 
are rigid, it is sometimes much more difficult to effect a cure ; 
the spasm should be thorouglily relaxed by the administration 
of chloroform or ether, and this procedure should be repeated 
from time to time if the first administration is not effectual, 
i.e. if the spasm returns after the narcotism is recovered from; 
the subcutaneous injection of a small dose of morphia, or 
even of simple water into the rigid limbs is sometimes useful; 
and (as in those cases in which the. hysterical paralysis is 
associated with tiaccidity) the application of the faradic 
current is often eminently beneHcial. 

Space does not permit me to enter into further details, 
suffice it to say that the management of cases of hysterical 
paralysis is essentially, the same as that of aggravated cases of 
general hysteria. 

Paraplegia depending upon Idea, 

Sifmptoms. — Under the term 'Paralysis depending upon 
Idea,' Dr Russell Beynolds has described certain cases of 
paralysis, depending upon imagination. In these cases, there 
is no intention to deceive; the patients really believe that 
they are the victims of serious organic disease. Some cases 
of this sort are probably identical with the cases of hysterical 
paraplegia which we have just considered ; others seem to be 
distinct from ordinary cases of hysterical paralysis, and from 
ordinary cases of hypochondriasis. The patients are, for the 
most part, of a highly nervous, and often very active mental 
temperament ; their general health is usually below par, but 
they do not, so far as my experience goes, exhibit the usual 
symptoms of hysteria. The fixed belief that they are para- 
lysed, and the concentrated attention which the affected 
parts receive, induce functional disturbances, which are often 
of a striking character; startings, twitchings, and fibrillary 
tremors occur in the limbs and other parts of the body; 
aching, muscidar (myalgic) pains are common ; the heart is 
easily excited; palpitation is frequent; exertion or mental 
excitement is followed by a feeling of exhaustion and fatigue. 
The patient becomes impressed with the idea that he is unable 
to do anything; that he is paralysed, etc. There is often 
sleeplessness and restlessness ; he wakes up towards the early 
morning hours, and rises unrefreshed. The stomach may be 
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deranged ; constipation is common. On physical examination 
the reflexes — superficial and deep— are generally found to 
be exaggerated, the muscles supposed to be paralysed are 
usually soft and flabby ; in chronic cases there may be con- 
siderable atrophy, but it is not limited to special muscles 
or groups of muscles — a point of importance, for, in some 
cases which have come under my notice, the diagnosis lay 
between this condition (ideal paralysis) and progressive mus- 
cular atrophy. Sensibility is not affected. The bladder is 
healthy; the bowels, as already mentioned, are usually con- 
stipated. 

The loss of motor power is seldom if ever complete, and 
often presents anomalous characters, for example, a patient, 
who can neither stand nor walk, will move the legs in any 
direction when in bed. 

' Ideal paraplegia ' often lasts for a long time, it may be 
years, and it is sometimes most difficult to cure. 

Diagnosis, The diagnosis of it is to be made by attention 
to the following points : — 

1. The condition of the paralysed parts. — There is no posi- 
tive evidence of organic paralysis. The increased reflex ex- 
citability is general, and is not confined to the paralysed parts. 
The startings, jerkings, and fibrillary twitchings are not limited 
to special muscles ; the muscles in which they occur do not 
present any special atrophy. There is no affection of the 
bladder or rectum. 

2. .?%€ mental condition and temperament of the patirni. — 
The fact that the patient's mind is concentrated on his condi- 
tion ; that he is always thinking of his symptoms, examining 
his limbs, etc.; and that he is thoroughly impressed with the 
idea that he is the subject of serious organic disease is, in the 
absence of symptoms and signs of organic disease, a strong 
point in favour of ' ideal ' paraplegia. 

3. The history and progress of the case. — In chronic cases 
the fact that there are no marked alterations in the condition 
of the affected muscles, is another point in favour of * ideal ' 
paraplegia. 

In some cases there is a family history of spinal paralysis; 
this fact, of course, tells in two ways, for, on the one hand, 
we know that nervous affections are frequently hereditary, 
on the other, it must always be remembered that persons of 
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a susceptible nervous temperament, who are brought in 
contact with disease, are very apt to imagine that they 
themselves are the subjects of it. 

4. The effects of treatment. — A favourable opinion, con- 
fidently expressed, and appropriate treatment confidently 
carried out, sometimes effect rapid and remarkable im- 
provement. 

Prognosis. — Cases of this description are very difficult to 
cure, unless the physician is absolutely sure of his diagnosis, 
and in this respect they are veiy similar to the more aggra- 
vated forms of hysterical paralysis. 

Treatment. — The same plan of treatment, which has 
previously been recommended for hysterical paraplegia, must 
be adopted. 

Malarial Paraplegia. 

Characters. — Paraplegia sometimes occurs as the result of 
malarial infection. The pathology of the condition is un- 
known, but the evanescent character of the paralysis — the 
rapidity with which it is developed, and the rapidity with 
which it may disappear, — seems to show that the spinal 
alterations are functional in character. The condition is a 
rare one, even in malarial districts, and no case has come 
under my personal observation. The characteristic feature 
of the paralysis is, that it is intermittent, and that it occurs 
at regular intervals, just as the ordinary febrile paroxysms 
(quotinian, tertian, etc.) do. 

Diagnosis. — The diagnosis is to be based upon : — 

1. The absence of the signs and symptoms of organic 
disease. 

2. The intermittent character of the paralysis. 

3. The fact that the patient has been exposed to malaria, 
and that the paralysis is cured by anti-malarial remedies 
(quinine). 

Treatment. — Anti-malarial remedies, more especially 
quinine, and the general treatment suitable for other malarial 
affections, are to be employed. 

r 
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Reflex Paraplegia. 

Characters, — Paraplegia occasionally results from peri- 
pheral irritation acting retlexly. The source of the irritation 
is usually in the bladder or urethra. Brown-Sequard sup- 
poses that the immediate cause of the paralysis is anapmia of 
the cord, and that the ansemia is due to spasmodic contrac- 
tion of the vessels of the cord, produced reflexly. 

In many cases of so-called reflex (urinary) parapl^;ia, there 
are organic changes in the cord, of an inflammatory character. 
In some, probably the majority, the inflammatory changes re- 
sult from direct extension to the cord, of similar conditions in 
the distant (peripheral) parts. The extension may take place 
along the nerves (neuritis ascendens), or through the blood- 
vessels. In other cases in which organic lesions have been 
found in the cord, the intermediate parts have appeared to be 
healthy, and it is supposed by Benedict, that organic spinal 
lesions can actually be induced reflexly, independently of direct 
extension. Cases of this description, in which there is an 
organic lesion of the cord, cannot correctly be termed rf/fer, 
if we imderstand by that term, 2i functional paralysis due to 
peripheral irritation acting reflexly. 

True (functional) reflex paralysis is undoubtedly rare, but 
that it does occasionally occur in man seems beyond dispute, 
and that it can be induced in the lower animals seems proved 
by the remarkable chloroform experiments which Brown- 
Sequard has lately published. 

Diagnosis. — The diagnosis of reflex paralysis is always 
hazardous, and should only be made when : — 

Firstly. There is no evidence of organic disease. 

Secondly. There is a manifest source of peripheral irritation. 

Thirdly and chiefly. The removal of that irritation is fol- 
lowed by the disappearance of the paralysis. 

Prognosis and Treatment. — In cases of true reflex paralysis 
the prognosis is favourable ; the treatment consists essentially 
in removal of the source of peripheral irritation. 

Ancttnic Paraplegia. 

Paraplegia sometimes results from the sudden stoppage of 
the blood supply to the lower end of the cord, an accident 
which occurs in the course of some abdominal aneurisms 
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in consequence of detachment of the clot or obstruction of 
the abdominal aorta. 

In some cases of aortic regurgitation, weakness in the 
lower extrentiities — never, so far as I know, amounting to true 
paralysis — ^is seen. The motor weakness probably results 
from anaemia of the lumbar region of the cord, but this point 
has already been referred to. (See page 243). 

Functioned Alcoholic Paraplerfia, 

A temporary form of paraplegia, which is probably in 
some cases at least due to vaso-motor alterations in the cord, 
is sometimes produced by alcoholic excess. 

The paralysis is, in some cases, partial, in others complete ; 
the affected muscles are usually flaccid, and may, according to 
Buzzard, present the electrical alterations characteristic of 
the 'reaction of degeneration'; the knee-jerk is usually 
abolished, the superficial reflexes may remain ; sensory disturb- 
ances, more especially lancinating or myalgic pains in the 
feet and legs, and in some cases hyperaesthesia of the skin, 
are often present ; in the cases reported by Broadbent,^ vaso- 
motor-alterations in the skin were present, characterised by 
a pale, puflFy, purple discoloration of the hands and feet, 
which was most manifest when they were hung down over 
the edge of the bed. 

The condition is much more common in women than in 
men, and is in the great majority of cases recovered from, 
though Broadbcnt has reported cases, which seemed to be of 
this nature, in which the disease proved fatal. 

The diagnosis may be attended with some difficulty, and 
can only be made by close attention to the progress of the 
case, coupled with the facts that the patient has l)een in the 
liabit of indulging in alcoholic excess, and that (provided 
that the cause be removed), the paralysis is almost always 
recovered from. In some cases, the condition, as Broad- 
bent, Wilks, Buzzard and others have shown,* Injars a close 

1 Bee Dr Broadbent's paper read to the Boyal Medico Chirurgical Society of 
London on February 12, 1884, and reported in tbe Medical Timet and GaxetU of 
Febmary 16, 1884. 

* Loe, eit. 
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resemblance to acute ascending paralysis ; it is distinguished 
from that affection by the order of development of the para- 
lysis, by the fact (mentioned by Buzzard) that the * reaction of 
degeneration ' can generally be demonstrated in the paralysed 
muscles, and by the presence of myalgic pains and hyper- 
sesthesia. According to Broadbent the double wrist drop is 
highly characteristic. 

The prognosis is favourable, provided that the patient 
will abstain from alcohol, and that there is no organic lesion 
present to interfere with the favourable progress of the case. 
It must, however, be remembered that myelitis and other 
forms of organic disease may occur in persons addicted to 
alcoholic excess ; every case mu^, therefore, be judged on its 
own merits, and the observer must not too hastily conclude 
that because the patient has been given to alcoholic excesses 
the paralysis is of the temporary and curable form which has 
just been described. 

The treatment should consist in the removal of the cause, 
the regulation of the general health, the administration of 
nervine tonics, more especially arsenic and strychnine (in 
those cases in which the paralysed muscles are flaccid) and 
the systematic application of the faradic current to the para- 
lysed parts. 

Neurasthenia Spinalis. 

Under this term some writers describe those cases of 
functional nervous weakness (nervous exhaustion) in which 
the chief symptoms are spinal 

The condition, which is comparatively common, is gene- 
rally met with in males between the ages of twenty-five and 
forty, and is characterised by sensations of weakness in the 
lower extremities, never, however, so far as my observation 
goes, amounting to absolute paralysis. The motor weakness is 
very variable, and is often accompanied by a feeling of great 
lassitude and general fatigue. Aching pains between the 
shoulder blades, in the loins, and sometimes down the back 
of the legs {i.e. in the course of the sciatic nerves) are ven' 
frequently observed, and in some cases there is tenderness on 
pressure over the vertebral spines, identical in character with 
the pain and tenderness of 'spinal irritation.' Transitory 
sensation^ of numbness and formication are not uncommon 
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but true anaBsthesia is never present, so far as I have been 
able to observe. 

The neuro-muscular apparatus of the lower extremities 
seems in many cases absolutely healthy ; in others, the 
muscles are soft and flabby, and fibrillary twitchings are 
sometimes observed; in cases of this description the knee- 
jerk may be excessive. 

The bowels are usually constipated, and the urine fi*e- 
quently contains an excess of phosphates. The functions of 
the bladder and sexual organs may be quite normal, but in 
other cases the action of the detrusor urinae is deficient, and 
the urine is expelled from the bladder less forcibly than in 
health. A condition of irritable weakness on the part of the 
sexual apparatus is frequently present. 

The general health is usually more or less afiTected ; the 
patient is apt to become dull and dejected, and to fancy that 
he is sufi^ring from organic spinal disease. Sleep is unre- 
freshing, indeed the symptoms are often most marked when 
the patient first wakes in the morning. 

Neurasthenia spinalis may be due to anything which 
exhausts the system as a whole, and the spinal cord in 
particular. The sexual habits should always be inquired 
into, for sexual excess seems a common cause of the condition. 

Diagrums. — ^The diagnosis is, as a rule, easy, and is to be 
chiefly based upon the fact that there is no evidence of 
organic disease. The observer must of course be guided by 
the character of the symptoms and the general condition of 
the patient. 

Prognoais. — The prognosis is favourable, but the cure is 
sometimes tedious; here, as in hysterical paraplegia, and 
indeed in all cases of functional derangement of the spinal 
cord, it is of the utmost importance to impress the patient 
with the fact that he is not sufiTertng from organic disease. 

Treatment. — All causes of exhaustion must be carefullv 

m 

guarded against, and the general health raised to the highest 
possible state of efficiency. Change of air and scene is to be 
recommended whenever the patient's circumstances will allow 
of it ; plenty of out-door exercise in a dry, bracing atmosphere, 
is eminently desirable ; electricity (both the interrupted and 
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constant currents), is often highly beneficial. Arsenic, iron, 
quinine, and the compound syrup of phosphates, are the 
drugs which have proved most serviceable in my hands. 
Strychnine is also, in some cases, useful, more especially 
when combined with the mineral acids; in other cases, it 
has seemed to me to increase the muscular weariness and 
stiffness which some patients complain of, and to be pre- 
judicial rather than beneficial. 

Spinal Irritation. 

The term spinal irritation is applied to a functional 
derangement of the spinal cord, which is met with in young 
adults, usually between the ages of fifteen and thirty-five, and 
which in its most pronounced forms is much more common 
ill women than in men. It is characterised more particularly 
by pain in the region of the spinal column, and (usually) by 
tenderness on pressure over the vertebral spines and adjacent 
portions of the skin. The pain is m many cases of a ' dull, 
aching, sickening' character, and is very frequently felt 
between the shoulder blades ; in other cases it is referred to 
the lower dorsal and lumbar regions, and it sometimes ex- 
tends, as an aching, dragging sensation, down the back of the 
thighs along the course of the sciatic nerves. In some cases, 
the area to which the pain is referred is of considerable ex- 
tent ; occasionally it is remarkably constant and localised in 
position ; I have known a dull, fixed, boring pain, associ- 
ated with local tenderness on pressure, occurring in a pre- 
viously healthy man, and, as the result proved, of the nature 
of spinal irritation, simulate very fclosely the pain which is 
so characteristic of the pressure of an aneurism on the spinal 
column. 

The hyper^esthesia of the skin over the cervical spines is 
often very considerable ; in well marked cases the slightest 
touch may be sufficient to give rise to loud complaints of 
suffering. 

The motor functions of the cord are not interfered vrith ; 
and it is important to note that there is no evidence of local 
. disease to account for the condition. 

The general health is often below par ; in many of the 
cases which occur in women, the general condition is that 
which is termed hysterical ; the uterine and ovarian functions 
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are, in some cases, at fault. In some of the most severe eases 
which I have seen in males, the urine was loaded with 
phosphates, the functions of the stomach seriously impaired, 
the tongue being large, flabby, and indented by the teeth, 
the bowels constipated and pyrosis or other stomach symp- 
toms characteristic of atonic dyspepsia present, while the 
mental condition was that of intense depression and ex- 
haustion. 

The same conditions which produce neurasthenia spinalis 
may produce spinal irritation ; it is important, however, to 
remember, that in many cases the condition is only one 
manifestation of a general hysterical state. 

Diagnosis, — The diagnosis is not as a rule attended by 
any difficulty ; it is to be founded upon the fact, that while 
there is little or no evidence of local disease, the subjective 
sensations experienced by the patient are very prominent. 
Marked hypersesthesia over the vertebral spines, irrespective 
of any evidence of local disease, is very suggestive of spinal 
irritation ; the age and sex of the patient, the general condi- 
tion and mental temperament ; and the presence of a distinct 
cause of nervous exhaustion are also points to which atten- 
tion must be directed in forming an opinion as to the nature 
of a doubtful case. 

Prognosis and Treatment, — ^The condition is often obstinate 
and difficult to cure, and is apt to recur more than once in 
the same patient. 

The same treatment which has been recommended for 
neurasthenia spinalis is advisable in many cases of 'spinal 
irritation,* together with the local application of counter- 
irritant and anodyne remedies. In more than one very 
obstinate case I have o1)tained remarkable results from the 
local application of aconite ointment Corrigan's button 
cautery is in some cases useful. 

When the patient is hysterical, the general treatment 
which is advisable in cases of hysteria must be carried out. 
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Concussion of the spinal cokd with special reference 

TO THE spinal SYMPTOMS WHICH RESULT FROM RAILWAY 
COLUSIONS, AND THE METHOD OF INVESTIGATING RAIL- 
WAY CASES. 

CONCUSSION OF THE SPINAL CORD. 

Definition. — ^The term concussion of the spinal card should, 
strictly speaking, be limited to those cases in which the 
functions of the spinal cord have been distinctly deranged in 
consequence of a shock communicated to it, and in which 
there is no discoverable lesion in the cord or its membranes 
to account for the condition. 

That the functional activity of the grey matter of the 
nerve centres (more especially of the brain) may be tem- 
porarily disturbed by vibrations or shock communicated 
from without, independently of any discoverable lesion, is 
theoretically probable; but that permanent and organic 
disease of the spinal cord may follow temporary, molecular 
changes produced in this manner is, I think, contrary to what 
is a priori to be expected, and can certainly, fix)m the very 
nature of things, never be proved, for it will always be im- 
possible in any case, in which apparent simple concussion is 
followed by permanent organic disease, to be certain that 
some structural change (however minute) was not present 
from the very first. 

While then I am not prepared to deny the occurrence of 
simple concussion of the spinal cord, I am disposed to doubt — 
and this is the point of practical importance — whether organic 
disease can or does result from it ; indeed everything seems 
to point to the conclusion that in those cases in which organic 
disease of the spinal cord results from external violence, the 
disturbance in function is from the first associated with and 
dependent upon definite and distinct alterations in structure. 
In those cases — and Mr Herbert Page's investigations seem 
to show that they are exceedingly rare — in which an apparent 
simple concussion is followed by undoubted organic disease 
of the spinal cord, it is more reasonable to suppose that the 
organic changes, which subsequently appear, have their start- 
ing point (as was proved to have been the case in an example 
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reported by Bastian), in extravasations of blood or other trau- 
matic lesions of the delicately organised grey matter, and in 
the secondary (inflammatoiy and sclerotic) changes result- 
ing therefrom, than that temporary molecular disturbance 
lias resulted in the production of a permanent structuial 
lesion. 

To those cases of so-called concussion, in which there are 
haemorrhagic extravasations either into the substance or on 
the surface of the cord, the term corUudon of the spinal cord 
(rather than concussion) ought, striptly speaking, to be given ; 
but since it is impossible to distinguish simple concussion of 
the spinal cord from concussion with minute blood extravasa- 
tions {%.€, with contusion), the following definition of Professor 
£rb may probably, for practical purposes, be accepted as 
satisfactory. £rb includes under the term concussion of the 
spine (or rather, I would prefer to say, concussion of the spinal 
cord) those cases in which energetic traumatic injluen>ces (fulls, 
blows, collisions, etc.), have given rise to severe disturbance of the 
functions of the cord without any considerable visible anatomical 
changes in the latter. 

Now there is good reason for supposing that undoubted 
and severe disturbances of the spincU functums rarely result 
from external violence, unless considerable, visible, anatomical 
changes are present, in fact, serious and undoubted derange- 
ment of the functions of the spinal cord as the result of simple 
concussion (in the sense defined by £rb), is probably rare. 

But in order that the subject of concussion of the spinal 
cord, more especially of those cases of so called concussion 
which occur after railway collisions, may be thoroughly under- 
stood, I shall follow the course adopted by Mr Herbert Page 
in his remarkable work on Injuries of the Spine and Spinal 
Cord, and shall consider briefly the effects on the spinal 
column and the contents of the spinal canal (spinal cord, 
membranes, and nerve roots) which may result from external 
violence.^ I allude more especially to those injuries which 
result from blows on the back, falls, railway collisions, and 
the like, omitting from consideration wounds with sharp in- 
struments (stabs, cuts, etc.). 

Looking at the matter from the clinical side, we may 

1 I would Ktrongly mdviie all mj reader* to study Mr Page's work for tbem- 
tvlvei. I am glad to take this opportuLity of i>ayiog how much I am indebted to 
it. 
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divide cases in which spinal symptoms result from traumatic 
violence into four great groups. They are as follows : — 

Ist Gfraiip. — Cases in which symptoms of acute myelitis or 
meningitis^ or both, or of acute compression of the cord fellow 
immMiately upo'fi, and are directly dtie to the accident. 

2nd Group. — Cases in ivhich undovhted symptoms of acute 
myelitis, or meningitis, or rapid compression of the cord follow, 
after a brief interval, upon an accident or injury. 

3rd Group. — Cases in which chronic organic disease of 
the spinal cord or its Ttiemhranes results from traumatic in- 
juries. 

4th Group. — Cases in which functional derangem£nts of the 
spinal cord {which are very generaily associated with and pro- 
hahly in many cases dependent upon derangements of the cerebral 
nerve centres), result from traumatic causes. 

Let us consider each of these great groups in detail. 

Group 1. — Cases in which symptoms of acute myelitis or 
acute meningitis, or of acute compression of the cord follow 
immediately upon, and are directly due to the accident. 

In cases of this description, the symptoms are identical 
with the symptoms which characterise acute myelitis, acute 
meningitis, or acute compression the result of disease (loss 
of motion and sensation below the seat of the injury, par- 
alysis of the bladder and rectum, bedsores, elevation of 
temperature, priapism, etc., in the case of acute transverse 
myelitis ; pains, spasms, hypersesthesia limited to nerve dis- 
tricts corresponding to the seat of the lesion, followed by 
sensory and motor paralysis, in the case, of meningitis, and 
so forth). Cerebral symptoms are, as a rule, completely 
absent unless the head has been injured, and the symptoms 
of general nervousness, which are so prominent in the great 
majority of cases of so-called 'concussion of the spine' the 
result of railway accidents, are rarely observed. 

In severe cases, the progress is generally rapid, and the 
termination usually fatal. Occasionally even in severe cases 
the acute symptoms subside, and the condition becomes 
chronic. 

In less severe cases, the paraplegia, anaesthesia, and other 
symptoms, which appeared immediately after the accident, 
gradually disappear, the patient eventually getting quite 
well. Cases of this description are, however, rare. In the 
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rapidly fatal cases, myelitis is, in my experience, usually the 
cause of death ; in cases which survive some time and become 
chronic, meningitis as well as myelitis, is often present. The 
injury is almost always very severe, and the violence has, in 
the great majority of cases, been directly applied to the spinal 
column. 

Cases included under this group are very rarely met with 
after railway accidents. 

In some, and these constitute the great majority of the 
severe and rapidly fatal cases, the spinsd column is fractured 
or the vertebne dislocated, the myelitis, meningitis, or acute 
compression being due to crushing or laceration of the cord 
and its membranes by the displaced vertebrae, or to the pres- 
sure of extravasated blood or inflammatory pi-oducts. It is 
very important to remember that there may be no displace- 
ment of the vertebrae or other positive evidence of dislocation 
or fracture of the vertebrae during life ; indeed so frequently 
is this the case, and so rarely do severe cases of this descrip- 
tion occur without fracture or dislocation of the vertebrae, 
(I have expressly omitted from the consideration, cuts, stabs, 
etc.), that in severe and rapidly fatal cases of acute traumatic 
myelitis, or acute traumatic meningitis (especially of the 
dorsal or lumbar regions), a fracture or dislocation should 
always be suspected, even although displacement and crepitus 
are wanting. 

In other cases, but these are more rare, there is no 
apparent injury to the bony canal. In some of tliese cases, 
the cord seems to have been injured by a sudden twist or 
wrench of the spine ; in others, the symptoms are probably 
due to the pressure of efT&sed blood upon the cord or the 
spinal nerves ; in others, there are probably small extravasa- 
tions of blood into the grey matter, or even minute lacerations 
of the delicately organised grey tissue. 

But while believing that haemorrhage into the substance 
of the cord or into the spinal canal is the most probable 
lesion, in cases of sudden traumatic paraplegia in which 
there is no lesion of the bony canal, it must be admitted 
that such extravasations are with difficulty produced, and 
that, as Mr Page points 'out, the spinal cord is probably the 
most securely protected organ in the body. The most strik- 
ing illustration of this fact with which I am acquainted, 
came under my obsen'ation in the courae of my pathological 
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work at the Edinburgh Boyal Infirmary a short time ago ; 
the leading details of the case were as follows : — 

J. F., set. 30, was jammed between a railway train and the plat- 
form on February 18, 1884, and was admitted to Dr Duncan's Wards, 
Edinburgh, in a state of profound collapse ; he died some hours after- 
wards; on post-mortem examination a fsecal smell was obsenred on 
opening the abdomen ; the peritoneal cavity contained six ounces of 
fluid blood ; the duodenum was completely torn across in two places, one of 
the tears extended deeply into the mesentery, which was infiltrated 
with blood; the divided ends of the intestine, which were ragged- 
looking and swollen, were firmly contracted, and no fscal matter was 
present in the cavity of the abdomen ; there was very slight commenc- 
ing peritonitis ; all the other abdominal organs were healthy ; each paoas 
muscle was ruptured, the right being completely torn across, the lower 
ruptured ena of each psoas muscle was nrmly contracted, and formed 
a ball just within the brim of the pelvis; the subcutaneous tissues and 
muscles of the back were extensively infiltrated with blood, but there was 
no external evidence of bruising; the spine was uninjured; the tjrinal 
cord, its membranes and nerves, were absolutely healthy. It is needless to 
say that the spinal cord was most carefully examined. 

Group 2. — Cases in which undovhted symptoms of acute 
myelitis, or meningitis, or of rapid compression of the cord 
follow, after a brief interval, upon an accident or injury. 

In cases of this description, a blow on the back, wrench 
of the spine, or the shock of a railway collision in which 
such injuries have been received, is followed, after a short but 
distinct interval, by undoubted symptoms of organic disease 
of the spinal cord, such as typical paraplegia with loss of 
sensibility, paralysis of the sphincters, etc. 

These cases are of much rarer occurrence than those of 
the first group, in which the paraplegia and other symptoms 
follow immediately upon the injury. Cases 36 and 37 re- 
ported by Mr Erichseii in his well known work on Concus- 
sion of tite Spine, and the case reported by Mr Page in his 
Injuries of the Spine and Spinal Cord (page 121) are good 
examples. 

I must repeat that these cases are rare, and that they are 
very seldom indeed observed after railway collisions. Mr 
Page, with all his experience, has only met with the one case 
referred to above. 

In these cases, in which the symptoms appear within a 
few hours after the accident and rapidly progress, the lesion 
is probably a slowly progressive haemorrhage into the spinal 
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canal, or a small lesion of the grey matter, which is the starting 
point of a more extensive myelitis. When, as in Mr Page's 
case, the paraplegia is still more gradually developed, the 
lesion is, probably, either a limited meningitis which subse- 
quently extends to and involves the cord, or (more likely I 
^ink) a limited lesion of the grey matter which slowly ex- 
tends and becomes more diffused. 

Group 3, — CoMS in which chronic organic disease of the 
spinal cord or its membranes results from traumaiic injuries. 

Blows on the back, falls, and other injuries, in which direct 
violence has been applied to the spinal column, are sometimes 
the only apparent cause of some of the chronic spinal affec- 
tions which have been described in previous portions of this 
work. Chronic meningitis and disseminated sclerosis may 
probably be produced in this manner; locomotor ataxia 
seems occasionally to originate in the same way; but a trau- 
matic origin of chronic organic spinal disease is more rare 
than is generally supposed. That the receipt of a local injury 
often directs attention to symptoms or even physical altera- 
tions in the bodily conformation, which have been slowly 
and imperceptibly developing for weeks, months, or even 
years, and that in cases of this description the patient very 
natuiuUy concludes that the injury was the cause of the 
affection which he for the first time perceives, is of course 
well known. In every case, therefore, in which a blow on the 
back or other traumatic injury seems to have been the cause 
of organic disease of the spinal cord, it is of the greatest im- 
portance to inquire carefully into the history, and to make 
quite certain that the disease was not already present before 
the receipt of the injury. When the injury or accident seems 
to have been the starting-point of the affection, it is also of 
importance to ascertain whether there was not some heredi- 
tary pr acquired tendency to the special disease from which 
the patient is sufifering, which being previously latent, was, 
as it were, aroused into activity by the injury. It is well 
known, for instance, that in persons who have suffered from 
syphilis, an accident, an injury, mental worry, or anything 
else which seriously impairs and depresses the general health, 
is often followed by an outburst of tertiary symptoms, 
which previously had been entirely absent. So too, when 
there is a strong hereditary tendency to cancer, a local injuiy 



318 CONCUSSION OF THE SPINAL COllD. 

is often the exciting cause of the disease ; it is also extremely 
common to find in cases of scrofulous tumour of the cerebel- 
lum, a history of local injury (a blow or fall on the back of 
the head). 

The ordinary types of chronic disease of the spinal cord 
seem very rarely to follow the shock of a railway collision, 
but Mr Erichsen has recorded a series of cases in some of 
which (see cases 30, 37, and 48) there were undoubted in- 
dications of organic disease of the spinal cord (such, for 
instance, as marked diminution in the electrical reactions 
in one leg, localised muscular atrophy, paralysis of the 
sphincters). 

Mr Erichsen states — and case 30 is a typical one in point 
— that there may be no direct injury to the back, that at the 
time of the accident the patient may only have felt shaken 
but not really hurt, and that the paralytic symptoms and 
other indications of organic disease of the spinal cord may 
not appear for a considerable interval (some weeks or even 
longer) after the receipt of the injury; further, that per- 
manent paralysis may remain, and that in some cases the 
termination is ultimately fatal; he states, 'I have known 
several instances in which concussion of the spine has thus 
proved fatal some years after the occurrence of the accident. 
And Mr Gore of Bath, who has had considerable experience 
in these cases, writes to me in reference to the case related p. 
178, that this is the third fatal case of which he has had 
more or less personal knowledge, the time from the injury 
to the occurence of death varying from two-and-a-half to five 
years.' ^ 

It must, however, be prominently stated that cases of this 
description, in which there are undoubted indications of 
organic disease, and not merely the subjective symptoms in- 
dicative of general nervous shock and functional derange- 
ment of the brain and spinal cord, appear to be exceedingly 
rare. Mr Page, for example, states (p. 117) — 'Before pro- 
ceeding to give examples of undoubted ner\'e lesion received 
in collisions, let us again direct attention to this fact, 
which the record of a large number of injuries indisputably 
proves, that cases where there has been imquestionable 
lesion either of central or more peripheral parts of the nerv- 
ous system are few and far between. Nothing stands out 

1 On CtmcusMum of the S/nHe^ p. 902. 
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more clearly than this in the whole range of our inquiry as to 
the nature of the injuries to the back, which in the present 
day become the subject of medico-legal inquiry, that these 
lesions are met with only in a few isolated cases' (p. 118.) 
. . . ' We have not in our possession the notes of any case 
of acute traumatic meningitis following railway injury, nor 
have we seen a single case in which we could satisfy ourselves 
of the presence of 'subacute* or chronic meningitis as the 
basis of the symptoms which are so frequently seen after this 
shock of railway collision, these symptoms of general ner\'ous 
shock to which in a coming chapter we shall refer in detail 
(p. 123.) . . . 'Have the victims of railway collisions, 
subjected as they must have been to " molecular disturbance," 
from the very nature of the accidents, have they — numbered 
by thousands since railway accidents began — ^afforded a larger 
proportion of those degenerative diseases of the spinal cord 
which have for years engaged the searcliing attention of our 
pathologists, than those members of the commimity who have 
not suffered the same influences ? There is no evidence what- 
ever that they have' (p. 135). 

The exact pathology of cases, such as case 30 recorded by 
Mr Erichsen, is not definitely known. Mr Erichsen himself 
thinks the symptoms are probably due to chronic meningitis 
and chronic myelitis ; personally I am disposed to think that 
chronic myelitis is the most likely pathological condition. If 
it is admitted, as I think it must be, that a violent concussion 
of the spine may produce minute lesions in the cord (such 
as small extravasations and minute lacerations of the grey 
matter), it is easy to suppose that patches of myelitis may 
gradually and slowly develop at the seat of these lesions. 
The fact, of which I am quite convinced, that multiple cere- 
bro-spinal sclerosis sometimes follows, and seems to be pro- 
duced by an external injury lends, I think, some probability 
to this view. I must however repeat, that the cases in which 
chronic myelitis (characterised by undoubted symptoms of 
organic disease) is developed in this manner as the result of 
railway collisions, seem to be infinitely more rare than has 
hitherto been supposed. The whole subject is one which re- 
quires much elucidation, and I can conceive of none which is 
better fitted for collective investigation by the British Medical 
Association or which would yield more valuable results. I 
would respectfully suggest to the Collective Investigation 
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Committee that a 'card' should be drawn up and that it 
should be issued as soon as possible, for the inv^estigation to 
be of real value must necessarily extend over a period of 
some years. 

Group 4,. — Cases in which functional derangements of the 
spinal cord {which are very generally associated taith, and pro- 
bably in many causes depend upon, derangements of the cerebral 
nerve centres), result from traumatic causes. 

These cases are extremely common after railway collisions, 
but are comparatively rare after ordinary accidents or injuries ; 
they constitute, in fact, the vast majority of the cases for 
which the term 'railway spine' has been invented. The 
chief symptoms, which patients complain of are : — 

1. Pains in the back and limbs. — These are present in the 
great majority of cases, and are often very prominent; in 
some, there is also tenderness on pressure and hypersesthesia. 

In some cases, the pains in the back are due to bruising 
of the soft parts in the neighbourhood of the spine; in 
others, to sprains of the spine (stretching and twisting of the 
spinal ligaments and muscles); in others, they seem to be 
more closely allied to the ' sickening, dragging ' pains in the 
back and down the course of the sciatic nerves, which are so 
common in spinal nervous weakness (neurasthenia spinalis) 
and which probably depend upon profound nervous exhaustion. 

2. Numbness, prickling sensations, feelings of heat and 
cold, pins and needles, hypersesthesia, ansesthesia. 

3. Muscular exhaustion and debility, which are often 
ascribed to paralysis, and functional paralysis. The muscles 
are usually soft and flabby, there is often general, hut not 
localised, muscular wasting ; the reflexes are either normal or 
exaggerated ; the electrical alterations, if any, are of a simple 
kind (simple diminution), there are no qualitative changes : 
fibrillary twitchings are sometimes present. 

4. Constipation and slight impairment of the expulsive 
power of the bladder are sometimes present ; the urine may 
contain phosphates ; loss of sexual appetite and diminution of 
sexual power are common complaints. 

(All of the spinal symptoms just enumerated are met 
with in purely functional derangement of the cord ; indeed 
the cases which we are now considering have, in many particu- 
lars, a verj' close resemblance to neurasthenia spinalis.) 
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5. Headache, sleeplessness, occasional dimness of vision, 
confusion of thought, failure of memory, irritability of 
temper, loss of emotional control, inability to concentrate 
the attention or to undertake any continuous mental work, 
irritability of the heart and a tendency to palpitation, mental 
depression, hopelessness of recovery, dread of paralysis, etc. 

6. Loss of appetite, deterioration of the geneml health, 
loss of weight. 

I must, however, repeat, that organic disease of the cord 
may result from the injuries sustained in a railway collision, 
and that positive signs of organic disease may be present in 
addition to the symptoms of functional derangements which 
have just been described. 

Diagnosis. — So much uncertainty at present exists w^ith 
r^ard to the whole subject, that a positive diagnosis of con- 
cussion of the spinal cord (in the sense in which it has been 
defined above, see page 312), is always hazardous. The con- 
dition may be suspected when temporary, but well marked 
s}rmptoms of deranged spinal action follow a blow on the 
back, a fall on the feet, or other injury in which a severe 
shock or jar has been communicated to the spinal column, 
and which has not, so far as can be ascertained, dislocated or 
fractured the spine. The pathology of concussion of the 
spinal cord is in short so uncertain that, in the present 
state of knowledge, a diagnosis, which necessarily involves so 
much theoretical speculation, should, in my opinion, rarely 
be attempted. 

When, then, well marked derangement of the functions 
of the spinal cord follows a blow on the back or other trau- 
matic injury, the practical physician must, in many cases, 
content himself with endeavouring to detennine : — 

1. Wliethcr the symptoms are indicative of organic disease 
or of functional derangement, 

2. If the symptoms are due to organic di.^ase, what is the 
exact siluation, extent and nature of the lesion I 

3. If there are no distinct irulicatioiui of organic disease,^ 
are the symptoms (a) due to derangrmnit of the functions of the 
spinal cord or of the cerebral centres, and {h) are they genuine, 
exaggerated, or fictitious f 

I It 10 only ID caseii of thin descnpiidn that a iiosiiive diagnoBis of coqcumiod 
ill the wDse defined above, could be attempted. 

X 
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In order to arrive at a satisfactory conclusion on these 
points, a thorough acquaintance with both the organic and 
functional derangements of the spinal cord, and indeed with 
the whole subject of nervous disease, is necessary. 

In practice, it will, I think, be found convenient to try and 
arrange individual cases so far as possible in one or other of 
the four great groups described above. It must, however, be 
remembered, that in nature the hard and fast lines, which it 
is necessary to depict for descriptive and teaching purposes, 
are seldom rigidly adhered to. 

In those cases in which there is any reason to suspect 
exaggeration or deception — and this statement applies most 
forcibly to railway compensation cases — all the collateral 
(non-medical) circumstances connected with the case, such 
as the whole behaviour of the patient, the amount of com- 
pensation which he is claiming, etc., must be taken into 
account. Space does not allow me to go into further details, 
which will be found in previous portions of this work.^ 

Prognosis, — Since the diagnosis of concussion of the 
spinal cord is so uncertain, the prognosis is necessarily in an 
unsatisfactory condition. The practical physician will, con- 
sequently, be wise to ignore the theoretical question as to 
whether the case is one of simple concussion or not, and en- 
deavour to arrive at a just prognosis by observing the exact 
character and severity of the symptoms, the individual 
peculiarities of each patient, and the collateral (non-medical) 
considerations of each case. His opinion must also be guided 
by the general course and tendency of each group of cases, 
as determined by his own special experience and by the 
published experience of othei*s. 

In order to come to a just conclusion as to the exact 
nature and significance of the ner\'ous symptoms which 
result from railway collisions he must remember : — 

1. That in the great majority of cases the nervous symp- 
toms are merely functional. 

2. That in some cases, — and they probably constitute a 
very small proportion of the whole — there are undoubted 
signs of organic disease. 

I See page 159, el seq^ where tbe general plan of diagnosis ia more folly cc»o« 
considered. See also a paper by me on the Differential Diagnosis of Paralysis 
iu the fourth volume of Brain. 
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3. That in those cases in which tliere are distinct signs of 
organic disease, the symptoms characteristic of functional 
derangement (general nervous shock) are often at the same 
time present; in other words, there is no sharp line of 
demarcation between the 3d and 4th groups described above. 

While, then, on the one hand, it must not be rashly and 
hastily supposed that, because the symptoms of general 
nervous shock are present, there is no organic disease; on 
the other, it must be remembered, that, even when well marked 
indications of organic disease are observed, many of the sul>- 
jective symptoms due to general nervous shock are usually 
present. In mixed cases of this description, the symptoms 
dependent upon functional derangement may be reasonably 
expected to subside, while the symptoms due to organic 
disease will probably i^emain. 

4. That in the majority of cases in which the symptoms 
are merely functional, the patient begins to improve as soon 
as the worry and mental anxiety attending litigation cease, 
and, as a rule, he ultimately gets quite well. 

5. Tliat in other cases, in which there are no signs of 
organic disease, but in which the symptoms are merely due 
to functional disturbance (general nervous shock), the patient 
does not get well. 

In some cases the general nervous shock has probably 
been so profound that although it lias not produced localised 
organic disease, it has so seriously deranged the general 
nervous balance, that the patient, for years after the acci- 
dent, is an altered man, unable to enjoy the pleasures of life, 
and unfitted to cope with its diflficulties, or even to carry on 
his ordinary business occupation. It can hardly be doubted 
that a shattered condition of the nervous system materially 
aifects the general health, lowers the resisting power of the 
patient, and predisposes to various affections. It is possible, 
therefore, to conceive, that a railway collision may actually 
shorten a patient's life by predisposing to a disease, which at 
first sight may api)ear totally unconnected with the accident. 
As a matter of fact, however, cases in which such an event 
follows are probably exceedingly rare. Again, we know how 
common it is for functional (e.g. hysterical) paralysis to last 
for years, and how difficult it is to cure such cases unless the 
physician is firmly satisfied that there is no organic lesion : 
is it then to be wondered at, that in some cases of functional 
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paralysis the result of railway collisions (in which, be it 
remembered, the patient naturally concludes that the par- 
alysis is organic, and in many of which he is confirmed in 
this opinion by his medical advisers), the paralysis should 
continue for long periods of time after the compensation 
question has been finally settled ? 

Treatment. — The treatment of cases, in which spinal 
symptoms follow traumatic injuries, must be conducted in 
accordance with the nature of the lesion which is supposed 
to be present. For details the reader must refer to the 
previous sections of this work. (See the treatment of the 
individual organic and functional affections.) 

In treating cases, in which nervous symptoms of a 
functional character have resulted from a railway collision, 
it is essential to remember : — 

Firstly, That it is diflScult, and indeed in many cases 
impossible, to cure functional derangements, unless you 
succeed in thoroughly convincing the patient that the symp- 
toms are merely temporary and curable ;^ and that you can 
not expect to succeed in persuading the patient that you can 
and will cure him, unless you feel perfectly sure of your 
diagnosis. 

Secondly, That the functional symptoms, to wliich I am 
now referring, are largely influenced by 'expectant attention ' 
and by the worries and anxieties attending the question of 
compensation and its settlement. In order, then, to cure the 
patient, it is absolutely essential to get the question of com- 
pensation settled. 

Tfie Metlwd of Examinhig BaUway Ca^es. — 'Railway 
cases ' differ from the great majority of cases which are met 
with after ordinary accidents and injuries, in as much as they 
are usually complicated by the question of compensation. 
Since the persons who are injured may claim and be awarded 
money damages in proportion to the severity of the injury, 
the suffering and loss which it entails, and the permanent 
ill effects it is likely to leave behind, it seldom, if ever, 
happens that the symptoms are made light of, more fre- 
quently there is unconscious exaggeration, while in some 
cases (probably a small proportion of the whole), symptoms 

1 See the Treatment of HystericRl Paraplogia, page 30S. 
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are wilfully exaggerated, or even deliberately manufactured. 
(Cases have been known in which persons who were not in 
the train at all when the collision occurred, have taken to 
bed and 'made' symptoms, with the object of claiming 
damages from the company.) Now because of this tendency 
to exaggeration and deception, railway companies, not un- 
naturally, regard all cases with suspicion. Medical men are 
sent to examine the patient and to report to the company. 
The patient and the patient's doctors, of course, wish to bring 
additional evidence in their support The result is, a series 
of examinations, at which several doctors are present, but at 
which the difficulties of the case are not discussed, and at 
which, as a rule, little or no interchange of medical opinion 
takes place. Should the patient and the company fail to 
come to terms, the case goes into court, and a conflict, or 
apparent conflict, of medical evidence very often results. 
These differences of opinion are sometimes very painful ; the 
laity and lawyers, who are unacquainted with the difficulties, 
distrust the opinion of the doctors, and not unfrequently 
suspect their good faith. It may, however, I think, be un- 
hesitatingly affirmed that the vast majority of medical wit- 
nesses who go into court do so in perfect good faith ; their 
opinion is sometimes biassed ; occasionally they abandon the 
neutral ground, wliich unprejudiced scientific witnesses ought 
to occupy, and assume, or appear to assume, the place of 
partisans, but they are with rare exceptions witnesses of 
truth. How comes it then that those differences of opinion 
and conflicts of medical evidence occur ? I propose briefly 
to mention what appear to be the chief causes, and then, 
before finally leaving the subject, to detail the manner in 
which the clinical examination of these most difficult cases 
is to be conducted.* 

1. Differences as to the facts of the case. — The differences 
of opinion, which arise in 'railway cases,' are much more 
frequently diflerences as to the conclusions to be drawn from 
the facts, than differences as to the facts themselves. Differ- 
ences as to the facts do, however, occasionally occur, and 
they will doubtless continue so long as the most unsatis- 
factory method of consultation in railway cases, which is 

1 The reftder is recommeaded to stndy the admirable remarks of Mr Erichseu 
on this point (Concussion of the Spin?, Lecture xtt.), to which I am indebted for 
many of the following particulars. 
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still too often employed, continues to be adopted. Different 
individuals are, it must be remembered, both by nature, 
and by training and experience, very differently qualified 
in the power of observation. Now in the ordinary consulta- 
tions of every-day practice, the family doctor affords the 
consultee all the information in his power with regard to 
the facts and history of the case, and should any difference 
of opinion arise, either as to the facts themselves or the 
conclusions to be drawn from those facts, such differences 
are discussed, the patient is, if necessary, re-examined, and an 
opportunity is afforded for the rectification of any errors which 
may have arisen on one side or the other. But in ' railway 
cases ' there is, as a rule, little or no interchange of medical 
opinion. Differences as to facts, as well as to the conclusions 
to be derived from the facts, are frequently due to this 
method of procedure, which ought, as Mr £richsen suggests, 
to be altered. If, for example, the patient's doctors have de- 
tected any physical alteration, such as differences in measure- 
ment, temperature, electrical reactions, and the like, and if 
these diflerences have not been detected by the medical men 
representing the company, the patient's doctor should make 
known the fact, and give the railway doctors an opportunity 
of confirming or rejecting it ; in short, the question should 
then and there be investigated, and, if both sides are satisfied 
as to the manner in which the observation has been made, 
they should agree to abide by the result. In this connection 
it may be well to point out, that conflicting opinions are 
sometimes due to the fact that delicate clinical tests, such, 
for example, as the electrical testing of muscles and nerves, 
which, to be reliable, require the most scrupulous care of a 
skilled and experienced observer, are sometimes employed 
by medical witnesses, who are unqualified to use them satis- 
factorily, or to draw correct conclusions from the facts ob- 
served. In this way errors both as to fact and opinion may 
very easily arise. Nor should the patient's doctors, in my 
opinion, silently acquiesce (as under the present system they 
are sometimes apt to do) in statements made by the patient, 
wliich they know to be exaggerated. They ought to see 
that the company's doctors are correctly and soberly informed 
as to any facts which have come under their own personal 
observation. Further, it is highly desirable — and in most 
cases it can be satisfactorily accomplished without prejudice 
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either to the interests of the patient or the company — to 
consult not merely as to the facts, but as to the conclusions to 
be derived from the facts. If this were the regular method 
of procedure, and if, as Mr Erichsen has suggested, a conjoint 
report were drawn up and signed by the two opposing sets of 
doctors, an immense advance in the method of conducting 
these cases would be made. Mr Erichsen's suggestions on 
this point are so important, that I make no apology for 
quoting them in full. He says — 

* The conflict of medical evidence often arises in consequence of a 
want of proper understanding between the medical men engaged on 
the opposite sides of the case. As matters are now arranged, there is, 
as I have already shown, no * consultation,^ in the proper sense of the 
word, between them. The surgeon of the company examines, it is 
true, the plaintiff before, and in the presence of his (the plaintiff's) 
own medical men; but there is no sifter-discussion of the case, no 
attempt, as in an ordinary consultation, to reconcile discordant views, 
and to come to a combined opinion on the case. Neither party knows 
the exact views of the other on any point, or on the value of any one 
symptom, until they are heard in court. This is a great evil, and 
might be corrected by the surgeons on the two sides meeting as 
ordinary consultants discussing the case together, and, if possible, 
drawiug up and signing a conjoint report. If such a report could be 
obtained, it might be handed in for the guidance of tne judge and 
counsel, and the strictly medical part of the case would be much 
simplified. In fact, it would be disposed of if all parties concerned 
had substantially agreed before the trial as to the nature, extent, and 
probable duration of the plaintiiPs injuries and their consequences, the 
tripod on which the medical question always rests. In the event of 
there being such discrepancy of opinion that an agreement could not 
be come to on any or all of these points, the judge should appoint at 
least two surgeons of known character and of recognised skill in the 
particular class of injury under consideration, to draw up a report 
upon the plaintiff's past and present condition and future prospects. 
Inis report would serve to guide the court in coming to an opinion on 
the purely surgical part of the case, and afford it that information 
which men who admittedly know little of a subject on which they are 
to decide must necessarily be supposed to wish to obtain. The experts 
or assessors who draw up this report should be appointed by the Court, 
and not by the litigants. Their position would consequently be an 
independent one. They could not be accused of unworthy motives. 
rhey could not be calumniated, and their evidence would not be 
disparaged by groundless charges of partisanship. 

* llie report of such surgical assessors would necessarily be final. It 
could scarcely be successfully disputed by those medical witnesses from 
whose conclusions it differed. Hence it would be of paramount im- 
portance that none should be selected for such an important post as 
that of assessor who was not recognised as possessing not only a sound 
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general knowledge of surgerj, but snch special experience in the 
diseases resulting from injuries of the cord and brain, as to render his 
opinion worthy of all consideration in the eyes of his professional 
brethren. Such a plan would not interfere with the present machinery 
of the courts. The case would continue to be tried in the ordinary 
common law courts, before a jury who would decide on all its facts. 
Their judgment, and that of the court, would be guided in all matters 
of scientitic opinion either by a conjoint surgical report, or, if that 
cannot be arrived at, by the written statement of competent surgieal 
assessors, who, having had free access to the plaintiff and to the 
medical reports on both sides, could arrive at a definite and unbiassed 
conclusion as to the nature, extent, and probable duration of his 
injuries and their consequences. It would, 1 venture to submit, be in 
the highest degree advantageousness to the medical as well as the legal 
profession. The great inconvenience of the system of indiscriminately 
BubpOBuaing medical practitioners who are but little concerned in the 
case would be stopped ; conflict of medical evidence would no longer 
occur. Engendered as it is partly by the want of proper understanding 
between the medical witnesses, and greatly encouraged by the want of 
due scientific knowledge on the part of the court, it would not survive 
the necessity of both parties either making a conjoint report or sub- 
mitting their differences of opinion to the arbitrament of skilled 
surgical assessors selected by the court. And, lastly, the ends of 
justice would be attained with more certainty than they often are 
under the present system.*^ 

2. Differeihces as to the significance of the facts, and as io 
tlie cancliisions to be draionfrom the facts. 

That difterences of this description are of frequent occur- 
rence should not surprise the medical man, however curious 
and suspicious they may appear to the lawyer and layman. It 
must be remembered, that in ordinary private practice there 
is no more difficult question in the whole range of medicine 
than to determine in some cases what is and what is not 
organic disease of the nervous system ; the most experienced 
neurolgists sometimes have difficulty in forming an opinion 
on this point. Now, if difficulties in diagnosis and differences 
of opinion arise in private practice, in other words in cases 
in which the statements of the patient as to subjective sensa- 
tions may generally be relied upon, how much more likely 
are differences to occur in * railway cases,' in many of which 
the symptoms are, in whole or in great part, subjective, and 
in which there is often much exaggeration, and occasionally 
downright deceit. 

Another reason for these differences of opinion is, that 

1 Concussion of the Spine^ page 324, et scq. 
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the mind of the profession is not made up as to the exact 
significance of many of the symptoms which characterise 
cases of this description. 

Again, under the pressure of counsel, medical witnesses are 
sometimes induced to give more dogmatic opinions than the 
facts of the case warrant ; or to give opinions on questions 
with which they are not specially familiar. A physician, 
for example, may be pressed to give an opinion on a question 
which is surgical rather than medical, and vice versd} 

Then again, in many cases the physician or surgeon who 
is called in as an expert (and the statement applies perhaps 
with greater force to the experts sent by the company than 
those called in by the patient), has only one opportunity of 
seeing the patient, and, as the result of one examination he 
is expected to pronounce a decided opinion on the case. 
Doubtless in private, and also in railway practice, one 
thorough examination should usually be sufficient to enable 
a consultant to form an opinion ; but cases do every now and 
again occur, in which tlie most competent practitioner with- 
holds his opinion until he has had further opportunities of 
studying and watching the case ; and there are no cases in 
which such opportunity of further observation is more neces- 
sary than in some of those in which a differential diagnosis 
of functional or organic disease of the nervous system has to 
be made. 

Speaking generally, the laetlwd of case takiag which is Jo 
be followed in the examination of railway causes is the same as 
that which we are in the habit of employing in ordinary 
private or haspital practice. There are, however, certain 
differences in detail, which it is necessary to remember and 
observe. 

Tlie examination must be very full and elaborate, and 
very careful and accurate notes must be taken of each fact 
as it is elicited. This necessitates a very prolonged examina- 
tion, — and I may observe in passing, that the series of 

1 Thltf sUtemeni i« of coiirw* general. There are probably some phyaiciaDt 
who are able to give good opiniooa ou surgical questions, and there are certainly 
sargeona who are well qualiHed to give opinions ou medical aubjecta. But, 
speaking generally, the aame rule, which in private sends medical cases to the 
phjsician and surgical casea to the surgeon, should be followed in railway 
practice. 
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lengthy examinations, which railway patients have to go 
through, cannot fail, in some instances, to exert a prejudicial 
effect upon their condition. 

An exact description must be obtained from the patient, — 
and it often requires a good deal of skilful cross-examination 
to elicit all the particulars — of the accident (the exact manner 
in which he was hurt, the sensations which he experienced 
at the time, the effects which immediately followed, the 
manner in which he was able to conduct himself immediately 
afterwards) ; the symptoms which he experienced, and the 
treatment which he found it necessary to adopt during the 
acute stage of the illness, i.e, during the first one or two 
weeks after the accident ; the mode of development of the 
after symptoms, and the whole subsequent progress of the 
case up to the date of the examination. 

The patient's private medical attendant should next detail 
the facts which he himself observed when the patient came 
under his care, the course of treatment which was adopted, 
and the subsequent medical history of the case. 

It is also of the greatest importance to ascertain, both 
from the patient himself, his friends, and his medical adviser, 
the exact condition of health before the accident ; for, as has 
been previously pointed out, patients 6tre very apt to attribute 
to an accident or injury, diseased conditions, which were 
previously present, but which had not been previously 
observed. 

It is especially important to endeavour to arrive at a 
just estimate of the patient's ordinary nerve tone and nerve 
balance. The nerve tone and nerve balance of his near 
relatives should also be carefully inquired into, for, as we all 
know, a tendency to nervous disturbance is much stronger in 
some families than in others. 

Having completed the inquiry into the history of the 
case, the condition of the patient at the time of the examina- 
tion must be carefully and fully investigated. Care must be 
taken to describe the facts in the simplest language, and to 
avoid any terms which imply theories as to the facts; a 
patient, for example, may state that he is unable to move his 
legs ; such a condition may be due either to the fact that he 
will not (does not chose to) put the muscles into action, or to 
paralysis ; the bare fact that the patient says he cannot move 
the limbs should be noted; whether the inability depends 



METHOD OF EXAMINING 'RAILWAY CASES.' 331 

upon paralysis, and whether that paralysis depends upon 
organic disease or mere functional disturbance, are conclu- 
sions which, in many cases, cannot be correctly determined 
until all the facts and circumstances of the case have been 
taken into careful consideration. 

In forming a judgment as to the exact value of the symp- 
toms, it must be remembered, that railway cases are usually 
complicated by the question of money compensation, and 
that in many cases there is unconscious exaggeration, and in 
some, wilful exaggeration and deception. Subjective symp- 
toms per se should always be viewed with suspicion, and 
should be valued according to the character and reliability 
of the patient, his general behaviour, the amount of damages 
which he is claiming, and the whole collateral (non-medical) 
facts of the case. On the other hand, more importance 
(relatively to the subjective symptoms) should be attached 
to objective signs of disease than in private or hospitsd 
practice. Care must, however, be taken not to give too 
much weight to slight objective alterations (such for example 
as slight differences in temperature on the two sides of the 
body), more especially when other positive signs of organic 
disease are wanting. As I have previously insisted upon, no 
importance should be attached to slight objective differences 
obtained by instrumental means, such as electricity, unless 
they have been elicited by an observer whose capabilities of 
observation are beyond suspicion. Any anomsdous symptoms 
or complaints, which seem to be out of harmony with the 
other facts of the case, should be allowed due weight, and 
should be prominently noted in the report. Above all 
things, the medical expert should endeavour to forget that 
he is called by this side or by that ; after having carefully 
and conscientiously elicited all the facts, he should endeavour 
to form an unprejudiced judgment, and to take into account 
the probabilities both for and against the patient. He is 
sworn, be it remembered, when in court, to speak the truth, 
t?u whole truth, and nothing but the trutli. 
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PSEUDO'HYPERTROPHIC PABALYSIS.' 

This affection resembles progressive muscular atrophy inas- 
much as certain muscles undergo slow and gradual atrophy ; 
and motor weakness, corresponding in degree to the amount 
of muscular tissue destroyed, is gradually developed. It 
diCTers from progressive muscidar atrophy (1) in the fact 
that it is essentially a disease of early life ; (2) in the order 
of development of the symptoms — the atrophy commencing 
in the muscles of the lower extremity, and showing no 
tendency to invade the small muscles of the hand, which are 
almost constantly involved in progressive muscular atrophy ; 
and (3) in the circumstance that some of the affected mvscles 
become increased in size* This increase is not a true hyper- 
trophy, but depends upon an increase of the interstitial fibrous 
tissue and fat, hence the name pseudo-hypertrophic paralysis 
which has been given to the affection. 

Pathology. — The question has been much debated 
whether pseudo-hypertrophic paralysis is due to a spinal 
lesion or to a local affection of the muscles. Analogy seems 
in favour of a spinal origin, but several trustworthy observers 
have found the cord quite healthy. Thus, Charcot, Cohnhcim, 
Ross, and G. S. Middleton, have found the cord perfectly 
sound. Gowers and Drummond observed alterations in the 
grey matter ; in the case examined by Drs Gowers and Lock- 
hart Clarke, ' changes were scattered throughout the entire 
length of the cord, the most extensive lesion being found in 
the lowest part of the dorsal region, where in each lateral 
grey substance was an area of disintegration, amounting to an 
actual cavity outside each posterior vesicular column, which, 
with the caput comu post^rioris, and anterior conm, was 

1 This Affection is not iacluded io the text, for recent observations seem to 
show tliAt in it the spinal cord may be perfectly healtliy. 
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undamaged.'^ In the case reported by Dminmond' the 
grey matter of the anterior horn, at its junction with the 
posterior cornu and in its lateral part, was softened and dis- 
integrated, so that a cavity was formed in the centre of the 
cord; this ca\dty, which had no proper cyst wall, was of 
large size in the lumbar enlargement, where it caused the cord 
to bulge out laterally, and extended through the dorsal and 
cervical regions ; ' with a high power (J inch), minute disin- 
tegration could be traced through the lateral grey net-work 
of both sides, the degenerative appearances being most con- 
spicuous around the blood-vessels'; the nerve cells of the 
anterior horn were botli numerous and healthy. In describing 
these appearances, Dr Drummond cautiously says, * I do not 
mean to assert confidently that tliis lateral disintegration or 
tearing was of pathological significance ; it may have been due 
to the manipulation, but I am inclined to think otherwise.' 

In a case which occurred in the practice of Dr Milner 
Moore of Coventry,' and the cord from which, through his 
kindness I had an opportunity of examining, changes of a 
somewhat similar nature to those described by Drummond 
were found. The result of the examination was as follows : — 

The naked eye examination of the spinal cord. — The mem- 
branes were healthy. In the middle of the cervical enlarge- 
ment the lateral column of the right side was misshaped by 
a projection or out-growth, which measured from above down- 
wards a little more than half an inch. The surface of the 
projecting mass, at its most prominent point, was irregular and 
disintecrrated, and exactlv resembled nervous tissue in a state 
of softening. The tip of the filum terminale was swollen, and 
presented the same ragged, disintegi-ated appearance. 

On cutting across the cord at the level of the bulging (the 
cord had been for several weeks in a four per cent, solution of 
bichromate of ammonium before I received it) the irregularity 
of the lateral column was rendered very evident, and in the 
lower part of the cervical region a distinct fissure was seen on 
each side of the cord in the central part of the grey matter. 

Microscopical examination of tJie cervical region showed : — 

1. A curiom alteration in the shape of the right lateral 
luilf of the cord, and in the arrangement of its grey matter, 

i Pneudo-Hyperfropkic Paralyiis^ page 48. « Lancet, Oct 15, 1881, p. 661. 

The CA8Q is reported id the Jxinctt, June 19, 1880. 
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which reached its highest degree of development in the middle 
of the cervical enlargement (see fig. 65, page 74). In that 
section the central grey matter is seen to be split up by a 
band of white matter (a), which is continuous with the 
white matter of the posterior column, and by a fissure, which 
extends from the surface of the posterior column deep down 
into the grey matter of the anterior horn. (The size of this 
fissure was much increased in the process of mounting.) 

A narrrow wedge-shaped mass (see figs. 65 and 66) is 
detached from the main portion of the grey matter, and runs 
right out to the surface of the cord, and into the projecting 
portion of the lateral column. 

In the section shown in figure 65, the dotted line represents a portion 
of the projecting mass which was detached in the process of mounting. 
(The actual size of the projection was, however, considerably larger than 
the dotted line indicates, for a portion of it was detached before the 
specimen was placed in the microtome.) In figure 67 the relative 
positions of the cord and the outgrowth from the lateral column are seen. 

At the upper level of the out-growth from the lateral 
column (see fig. 167), the grey matter is of normal shape, the 
detached wedge-shaped portion having disappeared ; the pro- 
jection from the lateral column is composed of a central grey 
nucleus containing numerous dilated blood-vessels and some 
nerve cells, and of an external layer of white matter, the 
nerve tubes being concentrically grouped round the central 
grey mass, and running horizontally and not vertically, as the 
fibres of the lateral column normaUy do. 

At thelower partof the cer\4cal enlargement, the out-growth 
from the lateral column has disappeared, but the grey matter 
on the right side is still split up by a band of white matter 
(see tig. 167) which passes into it from the posterior column. 

This peculiar alteration in the shape of the grey matter, 
and the out-growth from the lateral column were probably, 
I think, congenital malformations ; whether they had anything 
to do with the production of the disease is verj' doubtful ; it 
is, however, important to remember that a very similar out- 
growth from the lateral column was present in I)r Drummond's 
case; it is therefore probable that in pseudo-hypertrophic 
paralysis there is a tendency to congenital malformations in 
the arrangement of the grey matter and in the shape of the 
cord. 
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2. Collections of leucocytes and j^^ch^ of inflammatory 
softening around tite blood-vessels, — Collections of leucocytes 
(see figs. 168, and 169) were scattered throughout the grey 
matter in the cervical region, they were especially large 
and numerous in the district of the median branch of the 
central artery. The nervous elements, around some of the 
most recent extravasations, exhibited evidence of inflammatory 
irritation, the axis-cylinder processes being hypertrophied, the 
cellular elements extremely numerous, and the nerve cells 
themselves, every here and there, enlarged. In those parts of 
the grey matter in which the extravasations were extensive, 
the nervous elements were entirely destroyed. Collections of 
leucocytes were occasionally also seen around the blood-vessels 
in the white columns. 

3. That in the lower part of the cervical enlargement the 
grey matter on both sides of the cord wa>s lacerated and fissured. 
The examination of numerous sections has convinced me that 
this appearance was probably produced during the process of 
hardening. The primary lesion in this case was, I believe, 
the extravasation of leucocytes and the subsequent occurrence 
of patches of inflammatory softening around the blood-vessels; 
during the hardening process these softened patches gave way, 
and fissures were in this manner produced. The position of 
the fissures is, I think, explained by the fact that numerous large 
arteries pass through the central part of the grey matter, 
and that the extravasations of leucocytes and patches of 
softening reach their highest degree of development around 
these large vessels. 

The nerve cells in the cervical, dorsal, and lumbar regions, 
were numerous and prominent ; some of them appeared to l?e 
hypertrophied. 

The dorsal region of the cord was normally shaped; on 
microscopic examination a few small collections of leucocytes 
were seen in the grey matter. The blood-vessels throughout 
the dorsal region, and indeed throughout all parts of the cord, 
were extremely numerous and abnormally dUated. 

The luvdjar region of the cord was normally shaped, and 
presented the same dilatation of the blood vessels and col- 
lections of leucocytes, though to a less degree, as were found 
in the dorsal region. The sacral portion of the cord was 
softened and infiltrated throughout with a dense collection of 
leucocytes. 
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Tiu examination of the heart. — In the wall of the left ven- 
tricle, numerous degenerated patches could be seen with the 
naked eye, and on microscopical examination they were found 
to eonsUt of wavy bundles of connective tissue. The atrophy 
of the muscular tibres did not appear to be a simple one, 
such as is described by l)r Gowers ; many of the muscular 
fibres were swollen, and tilled with minute fatty granules ; 
their nuclei were in places prominent; some of them were 
extremely atrophied, and in places seemed to be transformed 
into wavy bundles of connective tissue. 




In this case very striking alterations were found in the 
spinal cord ; and the fact that three independent observers 
have found very similar changes seems to sliow that the lesion 
is by no means an accidental one. It is probable, I think, that 
the same changes will again he found in advanced cases of the 
disease. These cases do n<it, however, prove omeliwtrli/ that 
pseudo-hypertrophic in, from thejir/tt, a disease of the spinal 
cord, and not a primary affection of the muscles, in fact, the 
extravasations of leucocytes and localised softt-nings were 
probably secondary, for, as I have previously remarked, it is 
impossible to ignore the fact that in many cases Ihe cord has 
been found to be quite healthy. 
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The condition of thi muscles. — Tlie affecte<I muscles usually 
undei^ simple atrophy ; the interstitial connective tissue is 
lai^ely developed ; fat cells are deposited between the mus- 
cular fibres. The increased size of the muscles is due to the 
increase of these interstitial products ; the atrophy of the 
muscular fibres seems in great part secondary, and it prolmbly 
depends upon the pressure of the interstitial fibrous tissue 
and fat.' The changes in the muscle are shown in figures 
170, 173, and 174. 




m.—Stdinn -flhf CttUraatemiuf iltuclr in a ca<t <■/ r$tHfla-kyprrfr<^c 

iphii'd iiiiieculnr Rbre, witb triuBveree alrite stiJI renminiiig; b, luiiiil "I 
fibrous tirsue; r, fal celia. 



.■Etiolooy. — Pseud o- hypertrophic paralysis is essentially a 

disease of early life. The gi-eat majority of cases commence 

I In III) urjcHUBflii iacrfnw in th« inlcrstitial conucctivc Ussua ii folloTnl bj 
alropbjr uf tLo piraclijrniii (tin- |>riipi<r plomeiiU) of thv orKsu. Tlie ranst utriiiag 
illui'Inticin of tliii pallinlopii'iil fuel is llip ulroplijr of Ilie liver cells, whicli occun 
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l)efore the tenth year.^ Boys are mucli more frequently 
affected than girls. In a considerable number of cases 
the disease is hereditary, and it presents the remarkable 
peculiarity that, while the females of a family suffer much 
less frequently than the males, the disease is almost 
exclusively transmitted through the female line. The expla- 
nation of this circumstance is to be found in the fact that 
females are rarely affected, and that in males the condition 
commonly leads to death soon after the time of puberty. 
The causes of the condition, with the exception of the here- 
ditary tendency, which is present in many cases, are unknown. 
Dr Gowers thinks the disease less common amongst the poor 
than amongst those in better circumstances. In some cases, 
an acute febrile attack, such as measles or scarlet fever, seems 
to arouse the latent tendency into activity. 

Onset, Symptoms, and Course. — The commencement is 
very gradual. The first symptom is weakness and unsteadi- 
ness in the lower extremities. The child api)ears to be 
clumsy, and frequently stumbles or falls. This motor weak- 
ness in the lower extremities gradually becomes greater, and 
the characteristic attitudes and gait are developed. 

The attitude. — The patient stands with his feet wide apart 
(see fig. 175), so as to enlarge his base of support as much as 
possible. The heels are usually drawn up as the result of re- 
traction of the tendo Achillis. The back is strongly curved back- 
wards, and in many extreme cases, as Duchenne jwinted out, a 
vertical line from the middle of the shoulders falls Injliind the 
sacrum. The hands are extended by the sides, and are used to 
balance the body. The attitude is a very striking one ; and 
it is remarkable that the upright position can l)e maintained 
at all; it shows the extraordinary power of bahancci and 
adjustment that can be obtained under very unfavourable cir- 
cumstances. Although tlie patient can stand and maintain his 

' * Tlie date of the carliedt Bymptoinii is given,* iiayii Dr Gowers, * in the records 
of 139 caaefl — 128 maloK and 16 females. In one-half of the male cam^s the diseaw 
commenced before the sixth year, and in 102, or about 76 per rent., before the tenth 
year. On the other hand, of 16 cases in fdrls, in one only did the ilrst manifestation 
of the disease coincide with the first walkinf? ; in only thn>e caM*8 did it comnifucc 
liefore the sixth year, and in only nine caws before the tenth jiar. Thus i\u- 
disease tiegins in or after the tenth year in only 26 per cent, of the nmles, but in Wi 
per cent, of the ferns les who siifTer from it.' — Put udft- hypertrophic /*aralff»i», p. 9H, 
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equilibrium so long as he is undisturbed, he is extremely 
insecure, the slightest touch in any direction being sufficient 
to throw him down. 




Fig. 175.—. 



In advanced stof/c of Pgeudo-hyptrtrophie Paralytis^ thomng tk« 
position of theftei in the erect position of the body. 



The antero-posterior curvature, which is such a striking feature when 
the patient stands up, entirely disappears when he assumes the sitting 
position. Duchenne ascribed the curvature of the spine to weakness of 
the spinal extensor muscles. Dr Gowers thinks it doubtful whether the 
lordosis is mainly due to this cause. * Weakness of these muscles may,* 
he says, 'as Duchenne showed, cause the shoulders to be carried far back, 
so as to bring the centre of gravity of the upper part of the trunk as far 
back as possible ; but, according to his description, the inclination hack- 
wards from this cause starts from the pelvis, which is more extended on 
the thigh-bones than normal. But in pseudo-hypertrophic paralysis, in 
the erect posture, in which posture alone the lordosis is observed, I have 
found that the pelvis is much less extended, its inclination forwards is 
much greater than normal. This inclination is probably due to the weak- 
ness of the extensors of the hip, and the lordosis is apparently connected 
with it, since the lowest lumbar vertebrse share the direction of the 
sacrum, the weight of the abdomen falls unduly forwards, and a com- 
pensatory backward inclination of the dorsal spine is necessary to 
keep the centre of gravity in the normal position. — I'SeudO'kypertropkii 
Paralysvf^ page 31. 
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Tlte Gait. — The patient stands in the position described 
above ; the gait is ' waddling/ the body oscillates from side to 
side ; there is an evident difficulty in flexing the thigh on the 
abdomen, and in projecting the foot forwards. At each step 
the foot is raised, but the movement in advance is small. 

According to Duchenue, the peculiar gait is due to weakness of the 
gluteus medius muscle. 'This muscle normally,* says Dr Gowers, 
" counteracts the tendency of the pelvis at each step to incline towards 
the leg, which is ofif the ground; and if the muscle is weak, the weight 
of the body has to be thrown further over the supporting leg than in 
health, and hence the oscillating gait.'^ Dr Ross differs from this 
opinion, and thinks that the oscillation in walking, instead of being 
caused by paralysis of the gluteus medius is necessarily effected by 
contraction of the muscle.' 

Another remarkable peculiarity, which results from the 
muscular weakness, is the fact that the patient has great diffi- 
culty in rising from the recumbent or sitting position. Indeed 
in advanced cases he may not be able to raise himself at all. 
Even in the earlier stages he makes use of his arms, catching 
hold of chairs or other pieces of furniture, and dragging up his 
body by means of the upper extremities. When he has 
nothing to take hold of, he goes through the series of move- 
ments represented in fig. 176, which is taken from Dr 
Gowers' able lecture on the subject. The nature of the move- 
ments will be readily perceived from the following description 
of a case which I have reported in the Lancet ;^ 'the patient 
has the greatest difficulty in rising from the recumbent posi- 
tion ; if laid, for example, on his back on the floor, and told 
to rise, he would first with great difficulty turn on to his face ; 
he would next get on to his knees, the head being almost 
between the thighs ; from this position he would gradually 
extend himself and assume the position shown in fig. 171; 
finally, he would extend the hip-joint by grasping the thigh 
with the hand, and pushing up the body, as it were, by the 
arm.* 

The peculiar manner in which the patient * climbs up his 
thighs ' is very characteristic, though it is not pathognomonic. 
I have seen the same action in a case of rickets, and in that of 
a woman with a disea.se<l (malacosteal) pelvis. 

* Ptfudo'htfperiropkic Paraly$U^ page 31. 

' I)Uea$es oftkf Strrout Syitem, page IH9. 

* Lanctt, August 9tb, 1879. 



j42 pseudo-hypertkophic paralysis. 

By placing the handa oo the knees the patient is able by the (orc« 
of the arm to aid the extension of the leg on the thigh, i.e. to 
straighten the knee ; and by climbing up the thigha he helps the ex- 
tension of the hip-joint, as I have already descnbed. 




Tkt mawla whiA 



Should tlie patient come under observation at an early 
jieiiod of ttic disease, the calf muscles will probably be fomiil 
to be \a.r\!,K and firm ; they stand out prominently, and appear 
to be ill a pennanent condition uf contraction. But notwith- 
standinfj this a])parent hypertrophy, their motor force is very 
disliuclly weakened. The amount of contraction, too, which 
can be produced liy a iiuwerfnl faradic current is below the nor- 
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iiial. The reflex movements of the aft'ected nmscles are in the 
earlier stages diminished, and at a later period, abolished. If a 
small portion of muscle is withdrawn by means of Duchenne's, 




Pio. 177. 
ClimUnff yp the thujk* in P»i udo-hj/pertrophic ParaljftU. {AJler Goutnf,) 

or, l)etter still, by Leech's trocar (see fig. 178), the increase of 
tlie interstitial fibrous tissue and the atrophy of the muscular 
fibres can be demonstrated during life. During the active 




Fio. 178.— /^fcA # trocar. 



period of the disease, i.e. while the production of the inter- 
stitial connective tissue is rapidly progressing, the temj)era- 
ture of the affected parts may be above the normal.* 

In the course of time other muscles become involved, and 

1 Id the caiic reported by me iu the fjancet, the temperature nieaaorenients 
were act follows: — 

Right calf, . S»8°F. 

Left calf. 98.8 P. 

Aiilla, ...... 98.6«>F. 

Whercaii in healthy boyM 1 huve uever found the nurfaee temperature of the calf 
as hi(;h as that of the axilla. 
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ultimately almost all the striped muscles of the body, includ- 
ing the heart, may become affected. It is seldom, however, 
that all the muscles become hypertropbied, as represented in 
figs. 179. laO, 181, which are copied from Duchenne (see 



FlQ. 182. Fig. 188. 

Pieado-lisptriropliK jurnilgia. lioKiaff niargmnl o/Ot ralra md btUackw, Tkt 
back u carctd. and a Uat draitit dovittcards from IMe tagmlm falU htkiitd tint mmm. 

pn;,'e ^35), As a rulf, tlie enlargement is liuiit«d to a few 
muscles, the calves and buttocks being most frequently 
ealai;ged (see figs. \%'l and lt)3), while others are atrophied 
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the latissimus dorsi and the stemo-costal portion of the pec- 
toralis major are, according to Dr Gowers, very frequently 
wasted, a fact which he considers of considerable diagnostic 
value, since it often occurs in cases which are otherwise un- 
typical. The cirrhosis of the calf muscles usually produces 
a condition of talipes equinus, and the patient is unable to 
stand with his heels on the ground (see fig. 175). 

The sensory functicms of the skin are usually quite normal. 
The functions of the bladder and rectum are seldom in- 
terfered with, but occasionally a temporary condition of incon- 
tinence of urine occurs towards the termination of the case. 
The intellectual faculties and other cerebral functions are 
in some cases perfectly natural ; in others, the mental faculties 
are imperfectly developed ; occasionally the patient is quite 
idiotic. 

The duration of the disease varies in different cases, but 
it is generally very chronic. Cases which develop soon 
after birth, seem to run a more rapid course than those 
in which the development is later — a circumstance which is 
explained by the fact, that the tendency to the disease is bom 
with the indi\adual ; and that the stronger the latent (t.e. 
congenital) tendency, the earlier does the active manifestation 
of it appear, and the moi^e severe and rapid is the course. The 
disease usually appears earlier and runs a more rapid course 
in boys than in girls. Death may be due to simple exhaus- 
tion, but generally results from some complication, such as 
bronchitis or pneumonia. 

Diagnosis. — In typical cases the clinical picture is so very 
striking that the diagnosis is at once evident to any one who 
has seen a case before. The attitude and gait are pathogno- 
monic ; the peculiar manner in M'hich the patient raises him- 
self by climbing up his thighs, though not absolutely distinc- 
tive, is highly characteristic. The facts, that certain muscles, 
more especially those of the calves, are apparently increased 
in size, while their motor power is diminished, and that other 
muscles are atrophied ; together with the age and sex of the 
patient, are of the strongest diagnostic value. Dr Gowers * 
thinks the atrophy of the latissimus and loMcr portion of the 
pectoralis major scarcely less significant, in a diagnostic point 
of view, than the condition of the calves. 

* Pttudo-kyptrtropkic Paraljfsis, page 50. 
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Prognosis. — The prognosis is very unfavourable. Al- 
most all cases terminate sooner or later, in death. The earlier 
the development, the more rapid the course, and hence the 
worse the prognosis. As I have previously mentioned, males 
are usually attacked more severely than females. 

Treatment. — The treatment, wliich has been hitherto em- 
ployed, has been of little avail. The general health must be 
carefully attended to ; the patient should have plenty of 
fresh air and good nourishing diet; general tonics may be 
given. The nutritive condition of the affected muscles must 
be maintained in the highest possible state of efficiency, 
systematic muscular exercise, and the application of the 
faradic current to the muscles, are the means to be employed. 
Duchenne states, that he cured two cases by the interrupted 
current, but other observers have not been equally fortunate. 

Dr Gowers points out, that when, from any cause, 
the patient ceases to walk, the weakness in the muscles 
rapidly increases ; contractures and deformities must, there- 
fore, be prevented by passive exercise, and, if necessary, by 
section of the tendons ; mechanical appliances and supports 
which sometimes enable the patient to move about longer 
than he would otherwise do, and should therefore be employed. 
The patient must be carefully guarded against cold and ex- 
posure, for, as in all chronic spinal diseases, the end is often 
due to some intercurrent pulmonary affection. Arsenic 
seems to have been of use in some cases (Dr Meryon), and 
phosphorus is, according to Dr Gowers, sometimes beneficial ; 
but drug treatment is, as a rule, of little avail. 
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Dr Byhom Bramwell will be obliged to any of his readers 
who will send him spinal cords of typical, interesting, or rare 
cases. The preparation (suspended in Miiller's fluid 3 parts, 
and methylated spirit 1 part, in the manner described below), 
should be despatched cts soon as possible after removal. 

Direotioxis for the Removal and Preservation of the 

Spinal Oord. 

The body having been laid on its face, and a large block inserted 
tinder the thorax, an incision is to be made, in the middle line behind, 
from the occiput to the sacrum. The skin and muscles are then to be 
reflected from each side of the yertebrse. 

The lamiu8B of the two or three dorsal yertebne, corresponding to 
the point oi greatest convexity of the spinal column, are next sawn 
across ; with a little manipulation (the spinous processes being grasped 
in the left hand), and by the help of a scalpel, the vertebral arches, 
which have been sawn across, can now be removed, and the posterior 
surface of the dura mater exposed ; or the spines and laminae of one 
or more vertebrse may be cut across by means of bone pliers. 

The laminse of the remaining vertebras, both above and below those 
which have been removed, are then to be cul across with a powerful pair 
of bone pliers, and the entire length of the spinal canal exposed. The 
tiura mater is to he left undivideiL The nerve roots are then divided by 
means of a probe-pointed bistuory passed from above downwards on 
each side between the dura and the bony wall of the vertebral canal. 
The Cauda equina is then to .be cut across, the dura laid hold of by 
forceps, and the cord gently raised out of the spinal canal. The 
cellular tissue, and any of the nerve roots which have not been com- 
pletely divided, are then to be cut through, and the whole cord 
removed in its dura mater sheath. 

The dura is now slit up by means of probe-pointed scissors (the 
greatest care being taken to avoid any injury to the cord), and the 
naked eye appearances noted. 

The cord should then be divided, by means of transverse incisions, 
into three or four equal portions, and suspended by means of threads in 
a wide-necked bottle, containing M tiller's fluid 3 par.ts, methylated 
spirit 1 part. The preservative fluid should be changed on the second, 
and again on the sixth, day. The ]>reparation should be kept in a co<il 
place. 
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AbdomiBAl reflex, 122. 

Acute meoin^tiB — me Meoingitis. 
Acnte myelitis — tee Myelitis. 
Acute mscendiug {Mtnilysis, 253. 
Acute atrophic spiiutl paralysis, 179. 
Adamkiewicks, Professor, on the blood- 

▼essels of the cord, 20 
Adult life, diseases of cord in, 78. 
^flsthesiometer, 145. 

mode of using, 146. 

iEtiology — see Individual Diseases. 

Age in s»tiology of spinal cord disease's, 78. 

Alcoholic paraplegia. 307. 

Alimentary system, derangements of, in 

diseases of spinal cord, 157. 
Althaas, Dr, on the diagnostic valae of 

electricity in paralysis, 
luo. 

infantile paralysis, 18A. 

locomotor ataxia, 220, 237. 
- sypliilis as a cause of 
locomotor ataxia, H2. 
Amylaoea corpora, in locomotor auxia, 228 
Amyotrophic lateral sclerosis, 216. 

— »tiolog^, 217. 
— diagnosis, 21H. 

pathology, 217. 

prognosis, 21H. 

symptoms. 217. 

treatment, 2 IK. 

Anemic paraplegia, 307. 
AnsDsthesia, spinal, 147. 
AnsstUesia dolorosa, 71. 
Anesthesia, from lesions of postero- 
external column, 5H. 
from pressure on posterior 

roots. 71. 
from total transTsrse IcMons , 

61. 
from unilateral lesion, 64. 
Ankle clonus, 125. 

Analgesia — from lesions of the postero- 
external column, 5k. 
Anatomy of spinal segment. 8. 
Aneurism, rupture of into the spinal 
canal, 292. 



Anode, 106. 

Anterior column — 9tt Column. 

Anterior comu, acute destruction of, 51. 

lesions of, 49. 

diseases of, 179. 

Anterior mediau fissure, 8. 

I Anterior mixed region of the lateral 
' column 11. 

Anterior nerve root - see Root. 

Anterior root-fibres, 8U. 

Arachnoid, the spinal, its structure, 18. 

Arm, motor points of, 96. 

Arteries, diseases of, in cord affections — 
see Vessels. 

Ataxia in diseases of the spinal cord, 141. 

in cerebro-spinal sclerosis, 67, 264. 

in locomotor ataxia. 85, 226. 

Atrophic spinal paralysis, 179 

Atrophy, rapid, as the result of acute 

lefcions of the anterior cor- 
nua, 91. 

of the anterior roots, 72. 

Atrophy of disuse, 91. 

Axis cyliuders, hypertrophy of, in mye- 

Utis,-240. 

in cerebro-spinal scler- 

osis, 262. 
Axis cylinder process, 6. 

Btek, pain in, 152. 

Balancing power, mode of testing, 142. 
Battery, electric, Tibbits\ 98. 
Bed-sores, 153, 247 

prSTention of, 175. 

treatment of , 1 7.). 

Benedict, on reflex paraph legia, 906. 
Bennett, l)r A. H nghes 

— his electrode, 94. 

on infantile paralysis, 186. 

subacute inflitromation of the 

anterior cornu, 191. 
Bert, Professor Paul, on the motor func- 
tions of the anterior roots. h9. 
Bladder, galvanisation of, 174. 
lufiammstion of. 158. 



350 



INDEX. 



Bladder, paralysis of, 133. 

the reflex mechaDism of, 126. 

BIood,extrava8atioDBof — set Hiemorrbage. 
Blood Teasels of the cord, 19, 248. 
Bones, affections of, in locomotor ataxia, 

281. 
affections of, in polio-myelitis an- 
terior acuta, 185. 
Broadbent, Dr, on ulcbolic paraplegia, 807. 
Brown-Seqnard, Professor, on the treat- 
ment of in- 
fantile pa- 
ralysis,188. 
_ on reflex par- 
aplegia, 
806. 
Bulbar symptoms, 208. 
Badge on the cilio-spinal region, 147 
Buraach*8 column — gee Postero-extemal 

column. 
Buzzard, Dr, on amyotropbic lateral scler- 
osis, 217. 
gastric crises, 167. 

hysterical paraplegia, 802. 

— infantile paralysis, 180, 

184, 186. 

locomotor ataxia, 225, 227, 

231,288,238. 

motor points, 95. 

reflex paraplegia, 807. 

trophic joint lesions, 166. 



OtriM of rertebne, a cause of compres- 
sion of the cord, 69, 279. 

Carre, Dr, on hereditary locomotor 
ataxia, 83. 

Case-taldiig, importance of, 75. 

Tarious methods of, 76. 

own method of, 76. 

Cathode, 106. 

Cells multipolar, 5. 

— acute destruction of, 61. 

— chronic destruction of, 58. 

— colloid swelling of, 241. 

— functions of, 49. 

— glsAsy swelling of, 241. 

— grouping of, 6. 

— in the white matter, 6. 

— hypertrophy of, 241. 

— structure of, 5. 

— as reflex centres, 35. 

— as trophic centres for muscles, 36. 
C-ells, connective tissue— «ce Deiters*. 
Central canal, 4. 

double, 74. 

malformations of, 74. 

obliteration of, 241. 

Centres, motor of cortex, 26. 
seDBory of cortex, 34. 



Cerebellar tract, direct, 11. 

Cerebral paraplegia, 159. 

Cerebral symptoms in cord disease, 166. 

Corebro-spinal sclerosis- Me Disseminated 

sclerosis. 
Cervical hypertrophic pachymeningitis, 

282. 
Charcot, Professor on 

acute bedsores, 155. 

acute myelitis, 241, 246. 

amyotrophiclateral8c1ero6is,216 

oerebro-spinal scTeroeis, 261, 263. 

gastric crises, 157. 

hypertrophic cervical pachy- 

meningitis, 282. 

locomotor ataxia, 221 , 231 , 288. 

progressive muscular atrophy, 

196. 

trophic cystitis, 158. 

trophic joint lesions, 155. 

Chapman's ice-liag, 188. 

Chiene, Professor, his mode of treating 

cvstitLs, 174. 
Cliildiiood, diseases of the cord in, 78. 
Chronic menin^tis — 9U Meningitis. 
Chronic myelitis — tee Myelitis. 
Circulatory system, derangements of, 

in diseases of the cord, 157. 
Clarke, Dr Lockhart, on liicomotor ataxia, 

221. 

on progressive mus- 

cular atrophy ,1 !«6. 
Clarke's group of cells, 7. 
Clinical examination of the spinal cord, 

87. 
Colloid swelling of nerve elements, 52. 
Columns of the cord, 8. 

anterior, 11. 

Burdach's, 10. 

Goirs,9 

lateral, 11. 

postero-extemal, UK 

postero-internal, 9. 

postero-median, 9. 

Complaints of the patient in affections of 

the cord, 79. 
Compression of the cord, 69. 

of the membranes, 72. 

of the nerve roots, 72. 

Commissures of the cord, 4. 

Concussion of the cord, 812. 

Congenital malformations—see Malforma- 
tions. 

Connection of nerve nuclei, 88. 
Co-ordination of movement, 88. 

derangements of , 1 4 1 . 

mode of testing, 142. 

Connective tissue, increase of, in 

cerebro-spinal sclerosis, 262. 

chronic myelitis, 267. 

locomotor ataxia, 228. 
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Constant current, effect of, on 

healthy muscles and nerves, 105. 

diseased muscles and nerves, 108. 

— mode of applying in diagnosis, 92. 

— in treatment of paraly- 
sis, 171. 

- to the spinal cord, 171 . 

to the bladder 174. 

Corou, anterior, 6. 

acute affections of, 62. 

-^ destruction of, 51. 

chronic affections of. 63. 

— destruction of, 54. 

functions of, 49. 

pathology of , 49. 

Cornu posterior, 6. 

Corpora amylacea — «ee Amylacoa. 
Corpuscles, connectiye tissue — see Deiters* 

cells. 
Corpuscles, compound granular, 

inoerebro-8pinalscleroais,261. 

in infantile paralysis, 181. 

Crossed pyramidal tract, 11. 

course of, 26. 

lesions of, 55. 

symptoms cauwd 

by lesions of, 56. 
Crystals margarine— ««e Margarine. 
Current, constant- «rf Constant 

faradic — eee Faradic. 

Cystitis, forms of, 175. 

prevention of, 176. 

• treatment of, 178. 

Cysts, result of myelitis, 241. 

- congenital, 73. 



Dttp reflexes — see RefloxeH. 

Deformities, prevention of, 176. 

treatment of, 175. 

Degeneration, the reaction of, 112. 
Degenerations 
of crossed pyramidal tract, 45. 

of direct pyramidal tract, 46. 

of postero-internal column, 4H. 

- secondary ascending, 48. 

- ancondanr descending, 44, 45. 
Deiiers* cells, 25 1. 

proliferation of, in cerebro- 

spinal sclerosis, 2H2. 

in myelitis, 257. 

D<^j<^rine, M. lo Dr,on locomotor ataxia, 222. 

on paralysis ascendens acuta, 255. 

Diagnosis, general plan of, 159. 

steps in, 166. 

Digestive system, derangements of, in 

diseases of the spinal cord, 157. 
Direct cerebellar tract, 1 1 . 
Direct pyrainidnl tract, 1 1. 

- - courne of, 26. 



Disseminated multiple sclerosis, 260. 

fetiolog^, 260. 

diagnosis, 266. 

onset, 263. 

pathology of, 261. 

prognosis, 269. 

symptoms, 263. 

treatment, 269. 

Donkin, Dr, on the letiology of primary 

lateral sclerosis, 208. 
Dreschfeld, Professor, on primary lateral 

sclerosis, 208. 
Drummond, Dr D., on hysterical para- 
plegia, 301. 
on pseudo-hyper- 
trophic paralysis, 
334 
Duchenne, H. le Dr, on locomotor ataxia, 
85, 226. 

on subacute inflammation of 

the anterior horn, 191. 

on progressive muscular 

atrophv, 199, 201. 
Dura mater, the spinal, 

its structure. 14. 

its relationship to the nerve 

roots, 17. 
Dynamometer, 91. 



EjMvUtioil of Semen, 139. 

Electricity, effect of, on healthy muscles 

and nerves, 105. 

on diseased muscles 

and nerves, 108. 

how applied to spinal cord ,171. 

in the diagnosis of paralysis, 

105. 

in paralysis of the bladder, 174. 

in the treatment of paralysis, 
173. 

practical directions for apply- 

ing, 92 
Klectrical condition of muscles, 92. 
Electrical reactions, normal, 105. 

disMued, 108. 

Electrodes, !I4. 

<-^— mode of applying, 92. 
Eml>olt8m a cause of softening, 242. 
Epigastric reflex, 122. 
Erb, Professor, on acute myelitis, 242. 

cerebro- spinal sclerosis, 

261. 
- - chronic myelitis, 260. 

concussion of the spinal 

cord, 313. 
electrical treatment, 172. 
galvanometer measure- 
ments, 109. 
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Erb, Professor, on hereditary locomotor 

ataxia, 83. 

increased mechanical 

irritability, 117. 
— infantile paralysis, 

187. 
intra-medullary tu- 
mours, 293. 
primary lateral scler- 
osis, 210, 211, 213. 
the reaction of degen- 
eration, 108, 112, 
117. 
snb-acute inflamma- 
tion of the anterior 
cornu, 191 

syphilis as a cause of 

locomotor ataxia, 
82. 
Erection, 138. 
Erichsen, Professor, on concussion of 

the spine, 316, et seq. 
Eulenburg, Professor, on locomotor 

aUxia, 219. 
Eye-symptoms in locomotor ataxia, 230. 
Exercise in cases of Rpastio paraplegia, 171. 
Extra-miklullary lesions, 270. 

diagnosis of, 163. 

pathology of, 68. 

— symptoms produced by, 68. 



Ftee expression of, in cord disease, 84. 

— motor points of, 95. 
Family history, 83. 
Faradic current 

effects of, on healthy muscles 

and nerves, 106. 

on diseased muscles 

and nerves, 112. 
— in the reaction of degenera- 
tion, 112. 

method of applying, 105. 

Febrile diseases confounded with infantile 

paralysis, 186. 
Feigned paraplegia, 162. 
Ferrier, Professor, on the action of the 

sympathetic on the 
pupil, 147. 

on the course of the 

sensory tracts, 31. 
— - on the motor functions 
of the nerve root8,89. 

on the position of the 

tactile centre, 34. 
Fibrillary twitchings, 119. 
Fibroma — irec Tumours. 
Fibro-sarcoma— «fe Tumours. 



Fissures of cord, 4. 

congenital, 74. 

— - pathological, in pseudo- 

hypertrophic paraly- 
sis, 336. 
Flaccidity of the muscles in paralysis, 118. 
Flechaig, Professor, on the development 

of the cord, 11,13. 

on the motor tracts. 

29. 
Flower, Professor, on the cutaneous 

nerves, 148, et »eq. 
Forearm, motor points of, 98. 
Front-tap contraction, 125. 
Friedreich, Professor, on congenital loco- 
motor ataxia, 219. 

on progressive mus- 

cular atrophy, 197. 
Frommaun. Professor, on oerebro-spioal 

sclerosis, 261. 
Functions of cord, motor, 25. 

reflex, 34. 

sensory, 80. 

trophic, 36. 

vaso-rootor, 87. 

Functional irritation — tee Spinal irritadoo. 
Functional nervous weakness. 808. 
Functional paraplegia, 162, 8uO. 

diagnosis of, 162. 



GhdTaaiiation of spinal cord, 171. 

of bladder, 174. 

Galvanic current — see Constant corrent 

Gait — »ee Physiognomy. 

Gangrene — see Bed-sores. 

Ger1ach*s nerve net- work, 6, 29. 

Glassy swelling of nerve oells, 241. 

Glioma — see Tumours. 

Glio-sarcoma — see Tumours. 

Gluteal reflex, 122. 

QoU's column — see Postero-interoal 

column. 
Goltx, Professor, on the urinary reflex, 127. 
Gombault, Dr. on progressive muscular 

atrophy, 196. 
Gowers, Dr, on the course of the sensory 

tracta, 81. 

._ - — front -tap contrac- 

tion, 125. 

— infantile paralysis, 

18U, 181, 188. 
nomenclature of the 
columns. 9. 

— pseudo-hvpertrophic 

paralysis, 383, 840, 
346. 

the reflexes, 121, 127. 

- - - — testing the amount of 

paralysis, 90. 
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Orey deffenenitioD of posterior columns — 

«ee Locomotor ataxia. 
Orey matter uf cord, 6. 

malformation of, 78, 

Gumma — tee Tumours. 



HamorrhAgo into the cord (intra- 
medullary), 288. 

»tiology of, 288. 

diagnosis of, 289. 

onset of, 289. 

pathology of, 288. 

- prognosis in, 290. 
symptoms in, 289. 

treatment of, 291. 

Hiemorrliage into the membranes (extra- 
medullary), 292. 

lotiology, 292. 

diagnosis, 298. 

— pathology, 292. 

prognosis, 292. 

symptoms, 292. 

treatment, 298. 

Hamilton, Professor T>. J., case of 

infantile paralysis, 188. 

locomotor ataxia, 228. 

Hammond, Dr,on infantile paralysis, 189. 
Hayem, Dr, on intra- medullary tumours, 

294. 
Heart, affections of, in cord diseases, 157. 
I(emi>an»sthc8ia, 34. 

from unilateral leuon of cord . 65. 

Hemiplegia, spinal, 160. 

from unilateral lesion, 64, 88. 

Hereditary cord aifections, 83. 
History of the case, 80. 

of family, 83. 

of present illness, 80. 

of previous lies It h, 82. 

Horn— «re Comu. 

Hutchinson, Mr J., on ophthalmoplegia 

externa, 281. 
Hypera>sthesia, spinal, 152. 

• from meningitis, 272. 

— - from total transverse 

lesion, 61. 
from unilateral lesion, 65. 

in spinal irritation, 27H, 

Hypertrophy of axis cylinders, 240 

of muscles Cpseudo), 888. 

of nerve cells, 240. 
Hyper-p3rrexia from lesions c»f cord, 63. 
Hysterical iMiraplegia, 300. 



Inco-ordination from lesions of postero- 
external column, 68. 

in cerebellar disease, 285. 

in cerebro-spiual sclero- 
sis, 264. 

in locomotor ataxia, 226. 

Indiscriminate lesions, 239. 

characters of, 59. 

differential diagnosis of, 

165. 
Infantile paralysis— «m Folio-myelitis 

anterior acuta. 
Inflammation of the anterior comua 

acute, 179. 

subacute, 190. 

chronic, 195. 

Inflammation of the spinal cord— see 

Myelitis. 

Inflamn^ation of the spinal membranes- 
see Meningitis. 

Inflanunatory affections, treatment of, 170. 

Inflammatory softening, 242. 

Inhibition of reflexes, 36. 

Inhibitory fibres, course of, 86. 

Injury as a cause of cord disease, 81. 

Integumentary system, derangements of, 
in diseases of cord, 158. 

Internal capsule, 27. 

Inter-scapular reflex, 122. 

Intra-medullary lesions, diagnosis of, 164. 

Intra-medullary lisBmorrhage — set He- 
morrhage. 

Intra-meduflary tumours— see Tumours. 

Iris — see PupiL 

Irritability of muscles, 91. 

electrical, 91. 

mechanical, 117. 

Irritation spinsl, 810. 



Jaekion, Dr Hnghliufi, on the course 

of the motor tract, 208. 
Jacobi, Dr, on locomotor ataxia, 219. 
Joints, affections of, in locomotor ataxia. 

281. 



Euidrat, Profetior, on Porencepbalie, 

208. 
Kusmin, Dr. on the sensory tracts. 81. 
Kidneys, affections of, in diseases of the 

spinal cord, 158. 
Kneecloous, 124. 
Knee-jerk— M« Keflex (patellar tendon). 



'Idtftl' paraplegia. 808. 
Incontinence of uriue, 134. 



tumours, 296. 



on extra-medullary 
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Landois, Professor, ou the course of the 

seusory tract, 33. 
Landry, Dr, ou paralysie ascendene acutai 

253. 
Laodry^s paralysis, 253. 

OBtiology, 254. 

diaf^nosis, 255. 

onset, 254. 

— ~ pathology, 253 

— prognosis, 265. 

symptoms, 254. 

treatment, 255. 

Lateral boundary layer of grey substance. 

Lateral column, 11. 

Lateral sclerosis, primary, 207. 

secondary, 213. 

Lead poiHoning, a cause of 

comual myelitis, 191 , 194. 

progressive muscnUur at- 
rophy, 79, 197. 

paralysis, 79. 

Leech, Dr, on hypertrophic cervical 

pachymeningitis, 284. 
Leg, motor poiuts of, 102. 
Lesions, extra-medullary, 67, 270. 

— indiscriminate, 42, 239. 
intra-meduUary, 41. 

of anterior oornu, 49, 1 79. 

of lateral column, 55, 207. 

of postero-external column, 57, 

218. 
partial, 67. 

— system, 42. 
unilateral, 64. 

Leyden, Professor, on Syringom3relia, 74. 
I jgamentum deoticnlatum, 19. 
Lightning pains, 224. 
Locomotor ataxia, 218. 

etiology, 219. 

- - diagnosis, 234. 

- onset, 223. 
pathology, 220. 

prognosis, 236. 

symptoms, 223. 

treatment, 237. 

Lud\vig, Professor, on the seusory tracts, 

31. 
Luys, Dr, on progressive muscular 
atrophy, 196. 



Malarial paraplegia, 305. 

Malformations of the spinal cord, 73. 
Marcacci, Dr, on the functions of the 

nerve roots, 81». 
Margarine crystals in cerebro-spinal 

sclerosis, 2(il. 
Membranes, e£fect of pressure on, 72. 



Membranes, faamorrhage into — see H»* 
morrhage. 

inflammation of — see Men- 

ingitis. 

spinal, their relationship to 

the cord, 14. 

tumours of — see Tumoura. 

Medulla oblongata, lesions of 

in Landry*s paralysis, 254. 

in prc^^reasi ve muscular atro- 

phy, 203. 
Meningeal hsBmorrhage— «ee Hiemorrfaage. 
Meningeal tumours — see Tumours. 
Mental condition in diseases of the spinal 

cord, 157. 
Meningitis, acute, 270. 

aetiology, 271. 

pathology, 27 1 . 

symptoms, 272. 

diagnosis, 274. 

prognosis, 274. 

treatment, 275. 

Meningitis, chronic, 276. 

letiology, 276. 

diagnosis, 277. 

pathology, 276. 

prognosis, 278. 

symptoms, 276. 

treatment, 278. 

Mejmert, Professor, on the sensory tracts, 

88. 

Miliary sclerosis. 241. 

Mitchell, Dr Weir, his treatment of hys- 
terical paraplegia, 303. 

Monoplegia, spinal, 88, 161. 

oerebnJ, 161. 

peripheral, 161. 

in polio - myelitis anterior 

acuta, 161. 
Moore, Dr M., pseudo-hypertrophic para- 
lysis, 834. 
I Morgan, Professor, his case of primary 
Literal sclerosis, 208. 
Mosso, Professor, on the urinary reflex. 

127. 
Motion, conduction of— aee Motor tracts. 

derangements of, 87. 

Motor nerve cells, 5. 

see also Cells. 

Motor derangements in diseases of the 

spinal cord, 87. 
Motor functions of cord, 25. 

of cells of anterior oornu, 

49. 

of individual segments, 

89. 
Motor tract, course of, 26. 
Moxou. Dr, on the circulation in the cord, 

243. 
Movements, co-ordination of, S8. 
Movements, reflex — see Beflex. 
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MultapoUr nerve oelle, 5. 
MuscfeSi electrical condition of, 91. 

irritabUity of, 91. 

mechanical irritability of 117. 

trophic condition of, >H, 

tonicity of, 118. 

Muacular sense, derangements of, how 

tested, 142. 
Myelitis, acute, 289 

etiology, 289. 

diagnosis, 250. 

- - patholog7, 289. 

prognosis, 262. 

symptoms, 244. 

treatment, 262. 

Myelitis, chronic, 266. 

etiology, 266. 

diagnosis, 268. 

onset, 267. 

— pathology, 266. 

prognosis, 269. 

symptoms, 267. 

treatment, 260. 

Mjrxoma — tee Tumours. 
Myxo-sarcoma me Tumours. 



Naill, lesions of in locomotor ataxia, 283. 

Neck, motor points of, 96. 

Nerve cells-^tee Cells. 

Nenre nuclei, connection of, 88. 

Nerve roots — see Roots. 

Nerve stretching in locomotor ataxia, 288. 

Neurasthenia spinalis, 808. 

Neuroglia, increase of, 

in c<*rebro>spinal sclerosia, 262. 

in locomotor ataxia, 228. 

in mvelitis, 267. 

Nuclei, connection of, 88. 

Nutrition, general state of, in diseases of 

the cord. 167. 
Nutrition of muscles, 91. 



OomipfttiOB as a cause of cord disease, 79. 

Onset of attack, mode of, 80. 
Ophthalmoplegia externa, in locomotor ' 

aUxia, 227, 28L 
Ott. Vr I Mac, on the sensory tracta, 81. 



PMhy»«BiafiUs oervicalis hypertro- 
phies, 282. 
Pachymeningitie externa. 279. 
Pachymeningitia hamorrhagica, 281. 



Pachymeningitis interna, 281. 
Page, Mr H., on concussion of the spinal 

cord, 818, tt seq 

locomotor ataxis, 219. 

Pain in the back, 162. 

in diseases of the cord, 

162. 

iu disease of the mem- 

branes, 162. 
— lightning, in sclerosis of the postero 

external columns, 68. 
Paradoxical contraction, 126. 
Paralysie g^u^rale spina le subaign^, 190. 
Paralysis, amount of, how estimated, 90 

clinical examination of case of, 

88. 

condition of reflexes in, 120. 

condition of co-ordination in, 

141. 

condition of the muscular sense 

in, 142. 

distribution of. 89. 

from lesions of anterior cornu,6 1. 

from lesions of lateral column,66. 

from total transverse lesions, 61 . 

from unilateral lesions, 64. 

treatment of, 178. 

Paralysis ascendens acuta, 268. 
Paralysis infantile, 179. 
Paralysis spastic, 207. 
Paralysis spinal. 88. 
Paraplegia, alcoholic. 807. 

anamic, 807. 

— cerebral, 169. 

— cervical, 88. 

from increased atmosphenr 

pressure, 66. 

from simple softening, 242. 

from total transverse lesion, 

61. 

functional. 300. 

hysterical, 800. 

ideal, 803. 

nudarial, 306. 

reflex, 806 

Paraplegia, spinal, causes of, 88. 

characters of, 88. 

- — why limited to lower 

extremities, 243. 
Paresis — see Paralysis. 
Partial indiscriminate^ lesions. 67. 
Patellar tendon reflex, 128. 

in oerebro- spinal sclerosin, 

266. 

- in locomotor ataxia, 227. 
in lateral »cIor(/t(iH, 210. 



PatholiiKy of the spinal negnieot, 41. 
Pellacani, Professor, on the urinary reflex 

127. 
Physiology of the spinal segment, 'Jl. 
Physiognomy, 84. 
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PbysiogDomy, in acute dieeiifes of the ) 

cord, 8i. 

in cerebro-spiiuil sclerosis, 

86. 

in hysterical paraplegia, 85. 

in locomotor ataxia. 85. 

in paraplegia with flao- 

cidity, 86. 

in poUo-myelitis anterior 

acuta, 84. 

in progressive muscular ' 

atrophy, 86. ! 

in pseudo > hypertrophic 

paralysis, 83^. 

in spastic paraplegia, 85. 

Pia mater, its structure, 17. 

Pierret, Professor, on locomotor ataxia, 

221. 

primary sclerosis of 

Golr s column6,42. 

progressive muscular 

atrophy, 196. 
Plantar reflex, 122. 
PointB, motor, 95. 
Polio-myelitis anterior acuta, 179. 

etiology, 180 

diagnosis, 186. ' 

onset, 183. I 

patholo^, 180. ' 

prognosis, 187. 

symptoms, 183. 

treatment, 188. 

Polio-myelitis anterior snb-acuta, 190. 
Polio-myelitis anterior chronica, 195. 
Polar method of applying electrodes, 92. I 
Polar reactions, 107. 

in disease, 113. 

in iiealth, 107. 

in the reaction of dege- ' 

nei'ation, 113. 
Poles of battery, 106. 
Porenoepbalie, 208. 
Posterior column, H. 
Posterior median fissure. 3. 
Posterior nerve roots — see Boots. 
Posterior root-fibres, 31. 
Poiitero-external column, 10. 

functions of, 57. 

lesions of, 67. 

sclerosis of, 68. 

symptoms produced by le- 

sions of, 57. 
Postero-intemal column, 9. 

trophic centre of, 37. 

- - secondary degeuei-ation of, 

48. 
Postero-mediau column, 9. 
Present condition of the patient, 84. 
Priapism, 139. 

in total transverse lesions, 63. 

- treatment of, 175. 



Principal mass of the anterior column. 11. 
Prog^oeis, general plan of, 166. 

grounds for, 168. 

Pseudo-hypertrophic paralysis, 838. 
Pulmonary complications, 15& 

treatment of, 176. 

Pnpil, alterations of, 140. 

contraction of, '£fM. 

condition of, in cerebro-apinal 

sclerosis, 265. 

in locomotor ataxia, 228. 

Pyramidal tracts, 26. 

destruction of (acute), 55. 

(chronic), 56. 

croesud, 11. 

— direct, 11. 

division of. 28. 

function of, 55. 

— lections of, 55. 

trophic centre for, 87. 

secondary descending de- 

generations of, 45, 46. 



Rapid compression of the cord, 69. 

* Railway cases,* method of examining, 325. 
Reaction of degeneration, 112. 

clinical significance of, 117. 

from pressure on anterior 

nerve roots, 72. 

in acute lesions of aj»*7;tC7 

coruu. 
Reactions, polar, 106. 
Rectal reflex, 138. 

Kectum, pain in, in locomotor ataxia, 225. 
Reflex arc, composition of, 35. 

lesions of, 39. 

Reflex centre, 35. 

acute destruction of, 5L 

chronic destruction of, bX 

Ketlfxott, condition of, 120. 

in amyotrophic lateral sclerocis, 

21*. 

in oerebro-spinal sclerosis, 264. 

- in lateral sclerosis, 210. 
in locomotor ataxia, 227. 

- in myelitis, 248. 

in polio-myelitis anterior acuta 

184. 

in progressive muscular atrophy, 

19K. 

in total transverse lesions, 6L 

in unilateral lesions, 64. 

Reflex functions of spinal cord, 34^ 

of individual segments, 140. 

Reflexes, individual, abdominal, 122. 

ankle clonoa, 125. 

cremasteric. 122. 

deep, 122. 
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Reflexes, individual, epigastric, 122. 

gluteal, 122. 

interscapnlar, 122. 

organic, 126. 

patellar tendon, 128. 

plantar, 122. 

pupil, 140. 

rectal, 138. 

seznal, 188. 

vesical, 126. 

Beflexes, inhibition of, 86. 

Reflex movements, abolition of. 120. 
condition of, 120. 

exaggeration of, 121. 

persistence of, 120. 

Reflex paraple^^, 306. 

Reflex spasms in meningitis, 273. 

from irritation uf posterior 

nerve roots, 72. 
Bemak. Professor, on the 

reaction of degeneration ,117. 

upper arm type of iufantile 

paralysis, 184. 
Respiratory muscles, paralysis of, iu 

ascending myelitis, 254. 
Respiratory system, derangements of, in 

diseases of spinal cord, 158. 
Retention of urine, 187. 

diagnosis of, 137. 

Reynolds, Dr Russell, on ideal paraplegia, 

303. 
Rigidity of muscles, 118. 
Robertson, Dr Argyll, on the condition of 

the pupil in locomotor ataxia, 228. 
Root, anterior, 30. 

functions of, 1, 80. 

lesions of, 72. 

Root, posterior, 31. 

functions of, 1, 31, 

lesions of, 71. 

Ro(<t-zone columns, 10. 

Rosenthal, Professor, on locomotor ataxia, 

287. 
Roes, Dr, on the blood supply of the cord, 
20. 

grouping of nerve cells, 6. 

- hypertrophic cervical pachy- 

meningitis, 284. 

- — paralysis asoendens acuta, 

porenoephalie, 208. 

Rudisch, Dr J., on locomotor ataxia, 219. 
Rumpf, Dr, on locomotor staxia, 237. 
Rutherford, Professor,on miliary sclerosis, 

242. 



S*reoma^^Me Tumours. 

Satyriasis, 140. 
bayre*s jacket, 169, 271. 



Schiff, Professor, on the sensory tract, 31. 
Schultze, Dr, on locomotor ataxia, 234. 
paralysis ascendens acu- 
ta, 253. 
Schulz Dr, on paralysis ascendens acuta, 

253. 
Sclerose en plaques diss^min^s, 260. 
Sclerosis, forms of, 223. 

— — meaning of term, 223. 

cerebro-spinal, 260. 

disseminated, 260. 

of the posterior columns, 218. 

of the lateral colunms, 207. 

miliary, 241. 

primary lateral, 207. 

Secondary degenerations, 44. 

ascending, 48. 

descending, 44. 

of the crossed pyramidal tracts, 

44. 

of the direct pyramidal tracts, 

44. 

of the postero-internal column, 

48. 
Segment of the spinal cord, 1. 

anatomy of, 8. 

" — commissures of , 8. 

connection of two lateral halves, 

38. 

connection of two different seg- 

ments, 38. 

motor functions of, 25, 87. 

pathology of, 41. 

physiology of, 21. 

reflex functions of, 84, 120, 140. 

sensory functions of, 30, 147. 

trophic functions of, 36. 

raso-motor functions of, 87. 

Sensibility, tactile, 143. 

derangements of, 147. 

method of testing, 143. 

Sensibility to pain, 147. 

method of testing, 147. 

Sensibility to temperature, 14^ 

method of testing, 146. 

Sensory centres in cerebrum, 84. 

Sensory functions of the spinal cord, 81. 

Sensory functions of individual seg- 
ments, 147. 

Sensory tract, course of, 31. 

Sham paralysis, diagnosis of, 162. 

Septum, poiiterior median, 4. 

Septum posticum, 19. 

Sex, in the etiology of diseases of the 

C4>rd, 79. 
Sexual reflex, 188. 
Sexual excess in letiology of diseases of 

the spinal cord, S3. 
Skin, alterations of, in diseases of the 

spinal cord, 164. 168. 
Slow compres^on of the cord, 69. 
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Sloughing of the skin, 154. 

-^— iu myelitis, 247. 

Softeuing, inflainmatory, 242. 

8ofteniDg,6imple(non-iuflammatory),242. 

Sole reflex, 122. 

Spftsmodic spinal paralysis, 207. 

Spasms from pressure on anterior roots, 

72. 
on posterior roots, 

/I. 



in meningitis, 288. 
treatment of, 178. 



Speech, derangements of ,iu cerebro- spinal 

sclerosis, 265. 
Spina bifida, 78. 
Spinal apoplexy, 288. 
Spinal column, examination of, 155. 

pain in, 162. 

relationship to cord, 14. 

Spinal cord, anatomy of, 8. 

clinical examination of, 87. 

galvanisation of, 171. 

individual diseases of, 179. 

pathology of, 41. 

physiology of, 21. 

relationship to spinal canal, 

14. 

relationship to membranes, 

14. 
Spinal hemiplegia, 160. 
Spinal irritation, 810. 
Spinal monoplegia, 161. 
Spinal paralysis of adults, 192. 
Spinal paraplegia— Me Paraplegia. 
Spine, rigidity of, in meningitis, 278. 
Sponge test for myelitis, 156. 
Strilmpell, Dr, on locomotor ataxia, 221. 
Stretching — jee Nerve Stretching. 
Sub-arachnoid space, 18. 
Sub-acute and chronic inflammation of 

the anterior cornu, 190. 

ffitiology, 191. 

diagnosis, 192. 

onset, 191. 

pathology, 191. 

prognosis, 195. 

symptoms, 191. 

treatment, 195. 

Sub-dural space, 18. 

Superflcial reflexes, 122. 

Swelling, colloid or glassy, of nerve 

elements, 2-1 1. 
Swelling, hypertrophic, of nerve ele- 
ments, 241. 
Sjrmptoms, summary of, 78. 
Syphilisasacausoof spinal cord disease, 82. 
Syphiloma of spinal cord — »€t Tumours. 
System lesions, 42. 

of anterior cornu, 49, 179. 

of crossed pyramidal tracts, 55, 

207. 



System of postero-extemal column, 57, 
218. 

of postero-interual column, 48. 

Syringomyelia, 74. 



Tabes dorsalis — »tt Locomotor ataxia. 

Tactile centre, 34. 
Tactile sensibility. 143. 
Teotb, necrosis of, in locomotor ataxy, 228. 
Temperature sensibility, 146. 
Teuuon reflexes — tee Keflexes. 
Tension of muscles, 118. 
Thigh, motor points of, 100. 
Thrombosis as a cause of softening, 242. 
Todd, Dr, on hysterical pamplegia, 85. 
Tonicity of the muscles in paralysis, 118. 
Total transverse lesion, 60. 
Tracts of the cord, 11. 

development of, 13. 

motor, 26. 

pyramidal. 26. 

sensory, 81. 

Ti-ansverse lesions, acute, 60. 

chronic, 69. 

Traumatic injury as a cause of citrd 

disease, 81. 
Treatment, electrical, of cord, 171. 

of muscles, 173. 

of bladder, 178. 

Treatment, general plan of, 169. 

of bed-sores, 175. 

of contractures, 176. 

of cystitis, 175. 

- - of deformities, 176. 
of hemorrhage, 170. 

of inflammatory affections, 170. 

of pain. 172. 

of paralysis, 178. 

of priapism 175. 

of pulmonary complications, 176. 

of spasms, 178w 

of spastic symptoms 171. 

Tremor, rhythmical, in cerebro-sptaal 

sclerosis, 268. 
Troisier, Dr, on progressive mubcular 

atrophy, 196. 
Trophic functions of cord. 86. 

of multipolar nerve cells, 50. 

Trophic alterations in skin, 154. 

in bones and joints, 154, 231. 

Trophic centre for muscles, 50. 

for pyramidal tracts, 37. 

for postero-intemal column, 37. 

for skin, 36. 

Trunk, motor points of, 104. 
Tubercular growths — tee Tumours. 
Tuke, Dr Batty, on miliary sclerosis, tAt 
Tumours, of curd, 293. 
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TumourBf exirft-medullary, 295. 
Tumours, intnt-medullary, 293. 
Torek, columns of, 11. 
Twitchings, fibrillary, 119. 



Unilatoral lesions, 63. 

Urinary reflex, 126. 

Urinary system, derangements of, 158. 

Urine, altemtions of, in diseases of the 

spinal cord, 158. 
Urine, incontinence of. 134. 
Urine, retention of, 137. 



VatenUr supply of cord, 19, 248. 

Vaso>motor functions of cord, 37. 

derangements of, 154, 

Vertebra, disease of, in etiology of cord 

diseases, 69. 
Vessels of cord, 19, 243. 

- — alterations in disease, 241. 

Voice, alterations of, in cerebro- spinal 

sclerosis, 265. 
Volkmann, Professor, on the surgical 

treatment of infantile paralysis, I9u. 



Wallaea, Br, on infantile paralysis, 180. 
Watteville, Dr de, on galvanometer mea- 
surements, 109. 

polar reactions, 107. 

Weiss, Dr N., on the sensory tracts, 81. 
Westpliall, Professor, ou locomotor ataxia, 
220. 

psradoxical contraction, 126. 

pseudo-sclerosis, 269. 

syringomyelia, 74. 

White matter of segment, 8. 

anatomical division of, 8. 

malformations of, 74. 

physiological division of, 9. 

Wilks, Dr, on alcoholic paraplegia, 807. 
Woodhead, Dr, on locomotor ataxia, 222. 
WoroschiloflF , Dr, on the sensory tracts, 81. 
Wyllie, Dr, his electrode, 94. 



Yao, ProfMtor, on the functions of the 

nerve roots, 89. 
Youth, in etiology of cord disease, 78. 



ZiemsMii, ProfMtor, on tbe position 
of the motor points, 95. 
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